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INTRODUCTION 


HIGHEST  economy  in  the  modern  steam  power  plant  is  to 
be  gained  only  through  an  accurate  knowledge  of  all  conditions 
as  they  exist  throughout  the  station,  both  in  regard  to  the  materials 
used  in  the  production  of  power  and  in  regard  to  the  equipment 
itself.  To  keep  in  close  touch  with  those  factors  which  have  the 
greatest  bearing  upon  the  economy  of  the  station  requires  a 
thorough  knowledge  not  only  of  mechanical  details,  but  also 
of  certain  principles  of  physics  and  chemistry.  It  is  often  highly 
desirable  to  have  at  hand  quick  methods  of  applying  those 
principles  so  as  to  give  positive  results  in  the  cost  of  generation. 

The  object  of  this  book  is  to  bring  into  one  volume  those 
methods  of  analysis  which  can  be  used  to  good  advantage  in  the 
power  plant  and  which  will  aid  the  power  station  engineer  in 
keeping  costs  of  generation  at  the  lowest  figure. 

Economical  generation  in  a  steam  power  station  may  be 
said  in  general  to  involve  the  following  considerations: 

1.  The  use  of  such  fuel  as  will  give  the  greatest  return  in  heat 
units  for  each  dollar  of  its  cost. 

2.  The  assurance  of  a  continued  and  uniform  supply  of  the 
desired  grade  of  fuel. 

3.  Such  operation  of  furnaces  as  to  approach  most  nearly 
to  complete  combustion  of  the  fuel. 

4.  Such    arrangement   of   furnaces   with    respect    to    boilers 
as  shall  permit  of  the  absorption  by  the  boiler  of  the  greatest 
possible  percentage  of  the  heat  liberated  in  the  combustion  of  the 
fuel. 
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5.  Freedom  of  the  metal  of  the  boiler  from  scale  on  its  wet 
side  and  from  soot  and  slag  on  its  dry  side. 

6.  The  production  of  the  maximum  horse-power  from  each 
pound  of  steam  delivered  from  the  boilers  to  the  generators. 

In  connection  with  a  large  amount  of  experimental  work 
which  the  writer  has  done  in  the  study  of  these  factors,  numerous 
authorities  have  been  consulted  upon  methods  of  testing.  The 
methods  of  different  authorities  have  not  always  been  found  to 
be  alike  nor  are  the  methods,  in  some  cases,  those  by  which  results 
may  be  obtained  in  the  simplest  manner  and  in  the  least  time. 
The  methods  which  are  here  brought  together  are  those  which 
the  writer  has  found  to  be  most  satisfactory  as  regards  simplicity 
and  speed  of  operation,  at  the  same  time  conforming  to  strict 
accuracy  and,  as  far  as  possible,  with  already  standardized 
methods  of  testing. 
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CHAPTER  I 
THE  PURCHASE  AND  TESTING  OF  COAL 

IN  the  operation  of  a  steam  power  plant  the  question  of 
economical  coal  supply  is  one  of  great  importance.  The  most 
valuable  coal  is  that  from  which  the  most  power  can  be  produced 
per  unit  of  price  and  is  dependent  upon  the  suitability  of  the 
equipment  for  burning  the  fuel  and  upon  plant  operating 
conditions  and  requirements. 

In  determining  upon  the  character  of  the  coal  required  for 
a  given  equipment,  or  upon  the  most  suitable  equipment  for  a 
given  coal,  consideration  must  be  taken  of  the  composition  of 
the  coal  itself  and  of  the  basis  upon  which  it  may  be  purchased 
to  best  advantage.  A  test  should  first  be  made  and  the  follow- 
ing components  of  the  coal  noted: 

1.  Moisture         )  , 

Inert  matter. 

2.  Ash 

3.  Volatile 

_,.     ,       ,  Combustible  matter. 

4.  Fixed  carbon 

These  represent  what  is  commonly  called  the  "  Proximate 
Analysis  "  of  the  coal. 

Moisture  not  only  increases  the  weight  of  the  coal,  but 
also  absorbs  heat  in  the  furnace  which  might  otherwise  be  avail- 
able for  transmission  to  the  boiler. 

Ash  increases  the  weight  and  decreases  the  power  of  the  coal 
to  generate  heat.  Large  percentages  of  ash  seriously  retard 
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combustion  and  increase  the  cost  of  labor  for  handling  fires  and 
disposing  of  the  ash. 

The  volatile  represents  that  part  which  may  be  driven  off  at 
a  high  temperature  out  of  contact  with  the  air,  and  includes  the 
water  formed  in  the  decomposition  of  the  coal  by  heat,  but  not 
that  present  in  the  coal  as  moisture. 

The  fixed  carbon  is  the  combustible  material  left  in  the 
coke  or  residue  after  the  coal  has  been  heated  to  a  high  temper- 
ature in  a  prescribed  manner  for  a  definite  time.  It  does  not, 
however,  represent  the  total  amount  of  carbon  in  the  coal.  A 
more  accurate  determination  of  the  total  combustible  matter  in 
the  coal  may  usually  be  obtained  from  the  so-called  "  Ultimate 
Analysis  "  in  which  the  actual  amounts  of  carbon,  hydrogen, 
nitrogen  and  sulphur  are  determined.  The  average  composition 
of  coals  is  shown  in  table  on  page  3. 

In  purchasing  coal  for  a  power  station  the  primary  object 
should  be  to  determine  the  qualities  of  a  good  grade  of  the  coal 
which  can  be  burned  most  economically  in  the  plant,  then  to 
establish  a  standard  upon  which  it  shall  be  purchased,  such  a 
standard  to  insure  against  the  delivery  of  inferior  grades  by  the 
dealers  and  make  it  an  object  for  them  to  supply  coal  up  to  the 
standard  which  has  been  set. 

The  Purchase  of  Coal  on  a  Heat  Unit  Basis.  Specifications 
for  the  purchase  of  coal  on  a  heat  unit  basis  are  built  up  about 
a  standard  quality  of  coal  for  which  a  certain  price  is  to  be  paid. 
Corrections  in  price  are  applied  for  variations  from  the  standard 
thus  specified,  with  some  provision  for  the  disposition  of  the  coal 
if  it  is  of  such  quality  as  to  be  unfit  for  use.  The  purchase  of 
coal  in  accordance  with  such  specifications  is  being  successfully 
accomplished  by  many  power  station  companies  and  by  the 
United  States  Government.  Specifications  are  not  usually  based 
wholly  upon  the  heating  value  of  the  coal,  for  the  reason  that 
coals  of  inferior  grade  and  entirely  unfit  for  use  upon  a  given 
equipment  may  show  as  high  a  calorific  value  as  the  standard 
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BITUMINOUS  COAL1 


Proximate  Analysis. 

Ultimate  Analysis. 

Moisture       .        

0.9% 

Water  

.     0.9% 

Volatile                        

27  4 

Carbon  

.   77.0 

Fixed  carbon              

64  1 

Hydrogen  

.     5.2 

Ash  

7  6 

Oxygen    

.     6.7 

Nitrogen 

1  6 

• 

100 

Ash  

.     7.6 

Sulphur  

.     1  0 

' 

100 

ANTHRACITE  COAL1 


Proximate  Analysis. 


Ultimate  Analysis. 


Moisture 2.0% 

Volatile 4.3 

Fixed  carbon 86 . 5 

Ash...  7.2 


100 


Water 2.0% 

Carbon 83.9 

Hydrogen 2.7 

Oxygen 2.8 

Nitrogen 0.8 

Ash 7.2 

Sulphur , 0.6 


100 


1  Gill,  Gas  and  Fuel  Analysis. 

coal  specified.  Qualifications  as  to  allowable  amounts  of  sulphur 
and  ash  are  for  this  reason  specified  in  such  contracts.  Con- 
tracts in  some  cases  have  also  been  made  upon  the  basis  of  ash 
content  alone,  on  the  assumption  that  the  evaporative  qualifica- 
tions of  the  coal  vary  directly  with  the  amount  of  ash.  Tables 
I,  II,  and  III  indicate  the  above  method  of  establishing  standards 
and  applying  premiums  and  penalties  as  used  by  the  Cleveland 
Transit  Co. 
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TABLE  I 

PREMIUMS  AND  PENALTIES 
For  coal  in  any  car  which  is  found  by  analysis  to  contain  per  pound  of  dry  coal 


B.t.u. 

Price  Adjustment. 

13,975  and  above 

35  cents  per  ton  above  standard 

13,850  to  13,974  inclusive 

35 

13,725  ' 

13,849 

30 

13,600  ' 

13,724 

25 

13,475  ' 

13,599 

21 

13,350  ' 

13,474 

17 

13,225  ' 

13,349 

13 

13,100  ' 

13,224 

10 

12,975  ' 

13,099 

7 

12,850  ' 

12,974 

5 

12,725  ' 

12,849 

3 

12,600  ' 

12,724 

1.5 

12,475  ' 

12,599 

Standard 

12,350  ' 

12,474 

1.5  cents  per  ton  below  standard 

12,225  ' 

12,349 

3 

i  < 

12,100  ' 

12,224 

5 

< 

11,975  ' 

12,099 

7 

<  ' 

11,850  ' 

11,974 

10 

< 

11,725  ' 

11,849 

13 

< 

11,600  ' 

11,724 

17      « 

i 

11,475  ' 

11,599 

21 

i 

11,350  ' 

11,474 

25 

« 

11,225  ' 

11,349 

30 

< 

11,100  ' 

11,224 

35 

c 

10,975  ' 

11,099 

40      • 

< 

10,850  ' 

10,974 

45 

( 

10,725  « 

10,849 

50 

< 

10,600  ' 

10,724 

55      « 

(1 

10,475  ' 

10,599 

60      < 

(( 

10,350  ' 

10,474 

65 

({ 

10,225  ' 

10,349 

70 

« 

10,100  ' 

10,224 

75 

« 

9,975  ' 

10,099 

80      « 

« 

9,975  and  below  an  additional  10  cents  per  ton  per  car  will  be  deducted 
for  each  one  per  cent  variation  below  standard. 
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TABLE  II 
DEDUCTIONS  ON  ASH 


00.0  to  15%  inclusive 


15.1 

16 

16.1 

17 

17.1 

18 

18.1 

19 

19.1 

20 

20.1 

21 

21.1 

22 

22.1 

23 

23.1 

24 

24.1 

25 

25.1 

26 

26.1 

27 

27.1 

28 

28.1 

29 

29.1 

30 

Standard 

3  cents  per  ton  below  standard 

6 

9 
12 
15.5 
19 
22 
25 
28 
31 
34 
37 
40 
43 
46.5 


TABLE  III 
DEDUCTIONS  ON  SULPHUR 


0.0  to    3.9%  inclusive 


4.0' 

4.4 

4.5' 

4.9 

5.0' 

5.4 

5.5' 

5.9 

6.0' 

6.4 

6.5' 

6.9 

7.0' 

7.4 

7.5' 

7.9 

8.0' 

8.4 

8.5' 

8.9 

9.0' 

9.4 

9.5' 

9.9 

10.0' 

10.4 

28 


Standard 
cents  per  ton  below  standard 


Government  Specifications.  The  United  States  Govern- 
ment bases  its  specifications  for  coal  contracts  for  anthracite  coal 
upon  certain  standard  percentages  of  ash  in  the  "  dry  coal  " 
shown  to  be  the  average  for  various  sizes  of  coal.  Payment  is 
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made  according  to  a  table  of  corrections  for  variation  in  the 
ash  content  above  or  below  these  standards,  as  shown  by  analysis. 
No  special  account  is  taken  of  the  heating  value  of  the  coal. 
The  following  list  of  anthracite  coals  shows  the  contract 
standard  as  adopted  by  the  government  and  the  maximum 
amount  of  ash  which  the  coal  may  contain. 

TABLE  IV1 

STANDARD  ASH  CONTENT  OF  DIFFERENT  GRADES  OF  AN- 
THRACITE COAL  AS  ESTABLISHED  BY  THE  U.  S.  GOVERN- 
MENT. 


Kind  and  Sice. 

ASH  IN  DRT  COAL  (Per  Cent.) 

Contract 
Standard. 

Maximum 
Limit. 

White  Ash  Anthracite: 
Furnace  

10 
10 
12 
14 
16 
18 
18 

12 

14 
14 
16 
18 
20 
21 
21 

16 

Egg.  . 

Stove  

•       Chestnut  

Pea  

No.  1  Buckwheat  

No.  2          "           

Red  Ash  Anthracite: 
Stove  

1  Bulletin  No.  428,  U.  S.  Geol.  Survey. 

Table  V  shows  the  price  corrections  in  cents  per  ton  for 
anthracite  coal  due  to  variation  in  ash  in  "  dry  coal  "  above  and 
below  the  standards  established. 

Specifications  for  bituminous  coals  provide  for  payment 
according  to  the  percentage  of  ash  in  the  "  dry  coal  "and  the  num- 
ber of  B.t.u.  in  coal  "  as  received." 

Contractors  in  their  proposals  state  the  quality  of  coal  which 
they  will  guarantee  to  furnish.  These  figures  for  ash  content 
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TABLE  V l 

PRICE  CORRECTIONS,  IN  CENTS  PER  TON,  FOR  ANTHRACITE 
COAL  DUE  TO  VARIATIONS  IN  ASH  ABOVE  AND  BELOW 
THE  ESTABLISHED  STANDARD. 


1 

SIZE  or  COAL. 

(per  cent). 

Furnace 
and  egg. 

Stove. 

Chestnut. 

Tea. 

Buckwheat. 

6.01  to    6.50 
6.51  to    7.00 
7.01  to    7.50 
7.51  to   8.00 

24 
21 
18 

15 

27 

8.01  to   8.50 
8.51  to    9.00 
9.01  to    9.50 
9.51  to  10.00 

Contract 

24 

21 
18 
15 

27 

10.01  to  10.50 
10.51  to  11.00 
11.01  to  11.50 
11.51  to  12.00 

price. 

Contract 

24 

21 
18 
15 

12.01  to  12.50 
12.51  to  13.00 
13.01  to  13.50 
13.51  to  14.00 

15 
18 
21 
24 

price. 

Contract 

15 
12.5 
10 

14.01  to  14.50 

15 

7.5 

14.51  to  15.00 

18 

5 

12 

15.01  to  15.50 

21 

10 

15.51  to  16.00 

24 

Con- 

8 

16.01  to  16.50 

p.  . 

27 

15 

tract 

6 

16.51  to  17.00 

18 

price. 

4 

17.01  to  17.50 

21 

5.0 

17.51  to  18.00 

24 

>7.5 

Con- 

18.01 to  18.50 

27 

10.0 

tract 

18.51  to  19.00 

12.5 

price. 

19.01  to  19.50 

15.0 

4 

19.51  to  20.00 

8 

20.01  to  20.50 

14 

20.51  to  21.  00 

21 

21.01  to  21.50 

3? 

21.51  to  22.00 

48 

NOTE. — Figures  above  heavy  line  represent  cents  per  ton  to  be  added  to 
contract  price;  figures  below  heavy  line  represent  cente  per  ton  to  be  deducted 
from  contract  price. 

1  Bulletin  No.  428  U.  8.  Geol.  Survey. 
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and  heat  values  together  with  the  price  of  the  coal  establish 
the  standard.  Corrections  in  the  price  are  then  made  for  varia- 
tions from  this  standard  as  follows:  The  correction  in  price  for 
variations  in  B.t.u.  is  a  pro  rata  one  and  is  determined  by  the 
following  formula: 

Delivered  B.t.u.  ,,  .  ., 

-  -  :  —  TTTT  —  X  contract  price  =  price  to  be  paid. 
Standard  B.t.u. 

For  example,  if  a  coal  delivered  on  a  contract  guaranteeing 
14,000  B.t.u.  in  coal  "  as  received  "  at  a  price  of  $3  per  ton, 
shows  by  calorific  test  14,300  B.t.u.  in  coal  as  received,  the 
price  to  be  paid  is  found  by  substitution  in  the  formula,  to  be 


The  additional  correction  for  percentage  of  ash  is  established 
thus:  For  all  coal  which  by  analysis  contains  less  ash  than  that 
established  by  the  proposal,  a  premium  of  two  cents  per  ton 
for  each  whole  per  cent  less  ash  will  be  paid.  An  increase  in 
the  ash  content  of  2  per  cent  over  the  standard  established  by 
the  contractor  will  be  tolerated  without  exacting  a  penalty  for 
excess  of  ash.  When  such  excess  exceeds  2  per  cent  above  the 
standard  established,  deductions  will  be  made  from  the  price 
paid  per  ton  in  accordance  with  Table  VI. 

One  large  power  company  well  equipped  for  burning  very 
low  grade  coal  has  placed  contracts  for  a  part  of  its  coal  upon 
a  basis  of  23  per  cent  ash,  with  a  penalty  or  bonus  of  one  cent 
per  ton  for  each  1  per  cent  variation  from  this  figure.  Other  coal 
is  contracted  for  on  a  basis  of  14  to  18  per  cent  ash  as  standard 
with  penalties  of  one  cent  per  ton  for  each  1  per  cent  in  excess 
of  18  and  premium  of  one  cent  per  ton  for  each  per  cent  below 
14.  The  calorific  value  of  these  coals  must  also  be  within  the 
limits  9400  to  10,400  B.t.u.  per  pound  as  received  in  the  cars, 
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TABLE  VI l 

PRICE  CORRECTIONS,  IN  CENTS  PER  TON,  FOR  BITUMINOUS 
COAL  DUE  TO  VARIATIONS  IN  ASH  IN  "DRY  COAL"  ABOVE 
AND  BELOW  THE  ESTABLISHED  STANDARD. 


Contract 
Standard 
Per  Cent, 
of  Ash  in 
"Dry  Coal." 

Maximum 
Limit  for 
Ash 
(Per  Cent). 

Schedule  of  Variations  in  Ash  (Per  Cent). 

Below  — 

Higher  Limits. 

5      ... 

12 

13 

14 
14 
15 
16 
16 
17 
18 
19 
19 
20 
21 
22 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

7-  8 
8-  9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 

8-  9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 
21-22 

9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 
21-22 
22-23 

10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 
21-22 
22-23 

11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 
21-22 
22-23 

12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 
21-22 

13-14 
14-15 
15-16 
16-17 
17-18 

6      

7     

8     

9     

10     

11     

12     

13     

14     

15     

16 

17         

18 

Deduct  (cer 

its  per  ton) 

0 

2 

4 

7 

12 

18 

25 

35 

»  Bulletin  No.  428,  U.  S.  Geol.  Survey. 

The  basis  upon  which  bituminous  coal  is  to  be  supplied  to 
the  War  Department  for  "  Improving  Mississippi  River  from 
mouth  of  Ohio  River  to  Minneapolis,  Minn.,"  is  set  forth  in 
specifications  drawn  up  by  the  U.  S.  Engineer's  office,  St.  Louis, 
Mo.  A  few  extracts  from  these  specifications  are  here  given: 

THE  KIND  AND  QUALITY  OF  THE  COAL.  The  coal  shall  be  bituminous 
fresh  mined  and  clean,  free  from  fire  clay,  shale,  slate,  stone  and  other 
objectionable  impurities,  and  in  all  respects  suitable  for  its  intended  use. 
Coal  shall  be  furnished  as  required  in  any  or  all  of  the  following  grades 
and  each  grade  must  fulfill  the  requirementa  therefor  stated  in  the  table: 
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Grade  of  Coal. 

Standards  of  Quality  Rased  on  "Dry  Coal" 

Slack 
Maximum 
Allowable 
per  centum. 

Ash 
Maximum 
Allowable 
per  centum. 

B.t.u.  per  Lb. 
Min.  Allowable. 

I.  Screened    lump  —  shall    have 
been  passed   over  screen 
openings    two   (2)  inches 
square  

10 
40 

60 

124 
15 

224 

11,500 
11,000 

10,000 

II.  Run  of  mine  

III.  Screenings  —  at     least     forty 
per  centum    (40%)   shall 
not  pass  through  screen 
openings  one   fourth    (J) 
inch  square  

Grade  will  be  determined  by  the  contracting  officer  in  accordance 
with  above  table,  at  time  of  delivery  by  inspection  and  measurement 
of  the  amount  of  contained  slack. 

GUARANTEED  BRITISH  THERMAL  UNITS  AND  ASH.  A  limiting  min- 
imum number  of  British  Thermal  Units  per  pound  dry  coal  and  a  limit- 
ing maximum  percentage  of  ash  in  the  coal  proposed  for  delivery  shall  be 
stated  in  the  bid  and  guaranteed  by  the  contractor  in  the  contract  and 
the  deductions  provided  (below)  shall  apply  to  all  coal  accepted  in  the 
exigencies  of  the  work  and  found  inferior  to  the  standards  so  guaranteed. 

DEDUCTIONS  FOR  FURNISHING  COAL  INFERIOR  TO  THE  GUARANTEED 
STANDARDS.  Should  the  number  of  British  Thermal  Units  in  any  delivery 
of  coal,  as  determined  by  analysis,  fall  below  the  limiting  number  guar- 
anteed therefor  in  the  contract,  deductions  for  such  deficiencies  will  be 
made  from  the  price  bid,  and  stated  in  the  contract,  as  in  the  table  on  p.  1 1. 

And  should  the  percentage  of  ash  in  any  delivery,  as  determined 
by  analysis,  exceed  the  limiting  maximum  guaranteed  therefor  in  the 
contract,  further  deduction  of  five  per  centum  (5%)  of  the  price  bid, 
and  stated  in  the  contract,  will  be  made  for  each  one  per  centum  (1%) 
of  excess  ash. 

After  applying  the  above  rules  for  deductions,  the  resulting  price 
shall  be  the  unit  price  in  payment  for  the  delivery  under  consideration. 

REJECTION  OF  MATERIAL.  Coal  that  does  not  conform  to  these 
specifications  unkind  and  quality  will  be  rejected,  unless  accepted  because 
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Deficiency.  British  Thermal  Units  per  Pound, 
Leas  than  Guaranteed  Number. 


Deductions  in  Percentage  of  Price  Bid  for 
Each  inn   B.t.u.  Deficiency.! 


50-  549 

550-1049 

1050-1549 

1550-2049 

2050-2549 

etc. 


1% 


2% 
etc. 


1  Accounted  to  nearest  hundred. 

of  exigencies  of  the  work.  If  rejected  coal  be  held  by  the  United  States 
on  the  contractor's  request  it  shall  be  only  for  a  reasonable  time,  pending 
its  removal  or  other  disposition  by  him,  and  shall  be  at  his  risk  and  cost 
for  labor,  towage,  and  service  of  plant.  The  contracting  officer  will 
dispose  of  rejected  coal  as  he  sees  fit  if  it  is  not  promptly  disposed  of 
by  the  contractor. 

Sampling   Coal  from   Cars.     Extended   experiments   on   the 
proper  method  of  obtaining  representative  samples  of  coal  from 


REMOVABLE  PLUG 
FOR  DRIVING 


OPENING  AT  THIS.END 
CONTRACTED  TO 


MIENFC 
WILD 

|P 

- 

£ 

HCING  ftlU 
10  ON 

,     „ 

Ujs- 

FIG.  1. — Ram  used  for  Sampling  Coal — Cleveland  Transit  Co. 

a  car  indicate  that  a  2  or  25-inch  pipe  driven  into  the  car  at  four 
different  places  down  the  middle  will  give  most  nearly  accurate 
results.  Fig.  1  shows  the  ram  used  by  a  Cleveland  company 
for  obtaining  samples  in  this  way.  Fig.  2  shows  the  dimensions  of 
the  2-inch  extra  heavy  pipe  used  for  sampling  by  a  St.  Louis  Com- 
pany. The  iron  slug  which  is  dropped  into  the  pipe  at  the  top 
while  in  use  serves  to  take  the  impact  from  the  sledge-hammer 
blow  and  keeps  the  pipe  from  splitting. 

The  above  method  works  equally  well  for  large  or  small  sizes 
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of  coal.    In  the  case  of  mine-run  the  pipe  very  successfully  cuts 
through  the  lumps  and  produces  a  sample  which  compares  very 


•  Till    FOBOINO 


CD 


FIG.  2. — Ram  used  for  Sampling  Coal — Union  Electric  Light  &  Power  Co., 

St.  Louis. 

favorably  with  a  larger  sample  collected  at  intervals  during  the 
unloading  of  the  car. 

TABLE  VII 

COMPARISON  OF  THE  RESULTS  OF  THREE  METHODS  OF  OB- 
TAINING COAL  SAMPLES  FROM  CARS.     (CRECELIUS.) 


Sample  Taken 
by  Hand  at 
Regular  Inter- 
vals while  Car 
was  Being 
Unloaded. 

Sample  Taken 
from  Top  of 
Car. 

Sample  Taken 
by  Means  of 
Ram. 

Weight  of  sample  

600 

20 

20 

B  t  u          

12,843 

12,918 

12,777 

Ash                

10.96 

10.4 

11.3 

2.51 

2.53 

2  56 

Preparation  of  Samples  for  Analysis.  In  preparing  samples 
for  analysis  the  whole  amount  collected  should  be  spread  out 
on  a  clean  concrete  floor  or  some  convenient  smooth  surface  and 
crushed  down  with  an  iron  maul  until  no  piece  remains  of  size 
larger  than  \  inch  in  diameter.  By  repeated  "  quarterings"  the 
sample  should  be  reduced  to  about  50  pounds  weight,  after  which 
it  is  transferred  to  Mason  jars  and  sealed.  After  the  determina- 
tion of  surface  moisture  (see  below)  the  sample  should  be  reduced 
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in  size  by  sprinkling  across  a  "  sampler,"   Fig.  3,  which  retains 


FIG.  3. — "Sampler"  for  Reducing  Coal  Samples. 

one  half  of  it.     This  half  is  then  put  into  a  grinder  or  is  crushed 

down  with  an  iron  mortar  and 

pestle,   and  reduced  to  such 

size  as  to  pass  through  a  sieve 

containing  100  meshes  to  the 

square   inch.      This    is    then 

further   reduced   in   q-uantity 

with  the  sampler  until  only 

about  100  grams  remain.    The 

sample     is    then    ready    for 

the  determination  of  inherent 

moisture  and  the  other  items 

of  the  proximate  analysis. 

Drying  Ovens.  Drying 
ovens  are  usually  made  up  of  a 
double-walled  box  between  the 
walls  of  which  hot  water  or 
hot  gases  from  a  gas  flame 
circulate.  An  even  tempera- 
ture can  also  be  kept  in  such 
an  oven  by  equipping  it  with 


FIG.  4. — Drying  Oven, 
incandescent  lamps.    An  oven 


14  TEST  METHODS  FOR  STEAM  POWER  PLANTS 


WIRING  DIAGRAM 

SHOWING 
REVERSING  SWITCH 


FIG.  5. — Weatherhead's  Coal  Crusher — Sketch. 


THE  PURCHASE  AND  TESTING  OF  COAL  15 

similar  to  the  one  shown  in  Fig.  4  can  be  purchased  or  built 
at  a  low  cost'.  A  successful  electrically  heated  oven  consists 
of  a  double-walled  galvanized  iron  box  18  X  16  inches  and  10 
inches  high  on  the  inside.  The  space  between  the  walls  is  filled 
with  dry  asbestos  packed  hard.  On  three  sides  near  the  bottom 
are  ^-inch  openings  through  the  walls,  in  the  top  two  f-inch 
openings,  which  permit  of  a  circulation  of  air.  About  6  inches  up 
from  the  bottom  of  the  oven  are  six  lamp  sockets  in  which  60 
watt  carbon  filament  lamps  are  placed.  The  combined  heat 
from  these  lamps  gives  an  even  temperature  of  about  212°  F. 
The  door  is  made  to  fit  tightly  and  is  also  double-walled. 

In  determining  the  percentage  of  surface  moisture  in  a  coal 
sample  the  jar  and  the  coal  are  both  put  into  the  oven  and  a 
temperature  of  212°  F.  maintained  for  one  hour.  The  loss  in 
weight  represents  the  amount  of  surface  moisture  in  the  coal. 

For  such  moisture  determinations  the  Troemner  balance, 
with  a  range  of  from  1  to  20,000  grams,  is  recommended.  For 
the  proximate  analysis  a  sensitive  analytical  balance  is  necessary. 
For  pulverizing  coal  samples  an  ordinary  mortar  and  pestle  will 
do  the  work  very  satisfactorily.  The  Weatherhead  crusher  and 
pulverizer  combined,  Fig.  5,  is  much  quicker  and  easier,  and 
where  a  motor  is  attached,  will  prepare  a  large  amount  of  material 
in  a  short  time. 

A  few  such  accessories  as  these  are  almost  indispensable  and 
should  be  a  part  of  the  working  equipment  of  every  power 
station. 

Proximate  Analyses.  After  the  removal  of  surface  moisture 
in  the  manner  noted,  the  sample  is  further  prepared  for  the 
proximate  analysis.  In  conducting  the  analysis  the  moisture 
and  ash  determinations  are  sometimes  made  on  one  portion  of  the 
sample  and  the  volatile  matter  and  fixed  carbon  on  another 
portion.  It  is  also  common  practice  to  make  the  four  determina- 
tions upon  a  single  sample.  Moisture  and  ash  determinations 
may  be  made  with  porcelain  crucibles,  but  the  standard  methods 
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for  volatile  and  fixed  carbon  determinations  call  for  the  use 
of  platinum  crucibles.  Where  a  large  number  of  samples  are 
run  through  at  the  same  time  and  the  equipment  does  not  include 
sufficient  number  of  platinum  crucibles,  certain  porcelain 
crucibles  may  be  standardized  for  the  volatile  tests  against  the 
platinum  crucible  and  in  this  way  accurate  results  obtained 
with  the  porcelain.  For  example — a  given  sample  of  coal 
which  shows  35  per  cent  volatile  with  7  minutes  burning  in  a 
platinum  crucible,  would  require  55  minutes  in  a  certain  por- 
celain crucible,  before  showing  the  same  amount  of  volatile. 
Conducting  a  Proximate  Analysis.  The  following  is  given 
as  an  illustration  of  the  method  of  conducting  a  proximate  coal 
analysis. 

MOISTURE 

Take  a  weighed  crucible  and  place  in  it  1  gram  of  coal  from 
which  surface  moisture  has  previously  been  removed.  Transfer 
to  the  oven  and  heat  at  about  212°  F.}  for  one  hour.  The  loss 
is  moisture. 

Grama. 

Weight  of  crucible,  cover  and  coal 26 . 529 

Weight  of  crucible  and  cover 25 . 529 


Coal  taken 1 .000 

Crucible,  cover  and  coal  before  drying 26 . 529 

Crucible,  cover  and  coal  after  drying 26 . 432 

Moisture 0.097 

.097X100=9.7  per  cent. 

VOLATILE 

The  crucible  containing  the  dry  coal  is  now  heated  over  a 
Bunsen  flame,  Fig.  6,  seven  minutes,  care  being  taken  that  the 
cover  of  the  crucible  fits  tightly.  Cool  in  desiccator.  The 
loss  in  weight  is  the  volatile  matter  plus  one-half  of  the 
sulphur. 
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Grama. 

Crucible,  cover  and  coal  before  burning 26 . 432 

Crucible,  cover  and  coal  after  burning 26.092 


Volatile  plus  i  sulphur 0.340 

.340X100  =  34.0  per  cent. 

FIXED  CARBON 

The  crucible  and  its  contents  are  now  heated  over  the  Bunsen 
burner  until  all  the  carbonaceous  matter  is  removed.  (The  cover 
is  removed  from  crucible  during  the  burning.)  The  fixed  carbon 


FIG.  6. — Tripod  with  Crucible  and  Triangle  for  Coal  Analysis. 

burns  out  with  difficulty  and  the  process  may  be  hastened  by  the 
application  of  a  small  jet  of  oxygen  gas  to  the  inside  of  the 
crucible. 

Grama. 

Crucible,  cover  and  coal  before  complete  combustion..  .   26.092 
Crucible,  cover  and  coal  after  complete  combustion.  . . .  25.696 

Fixed  carbon  and  }  sulphur 0.396 

.396  X 100  =  39.6  per  cent. 

ASH 

Crucible  and  cover  after  complete  combustion 25 . 696 

Crucible  and  cover.  .  .  25.529 


Ash 0.167 

.167  X 100  =  16.7  per  cent. 
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Per  Cent. 

Moisture  ..........................................  9.7 

Volatile  and  J  sulphur  ..............................  34  .  0 

Fixed  carbon  and  J  sulphur  .........................  39  .  6 

Ash..  16.7 


100 
SULPHUR 

Grams.' 

Amount  of  coal  used  for  determination 1 . 000 

Weight  of  crucible  and  barium  sulphate  (see  below)  ...  20 . 544 
Weight  of  crucible 20.239 


Barium  sulphate 0 . 305 

Sulphur  =  .305  X  .1376  =  .0420 
.0420X100  =4.20  per  cent. 

Subtracting  one-half  of  this  amount  from  the  volatile  and 
one-half  from  the  fixed  carbon,  the  results  of  the  proximate 
analysis  become : 

Per  Cent. 

Moisture 9.7 

Volatile 31 .9 

Fixed  carbon 37 . 5 

Sulphur 4.2 

Ash..  16.7 


100 

Sulphur  Determinations.  The  sulphur  determination  may 
be  made  by  the  Escha  method:  Mix  1  gram  of  the  finely  powdered 
coal  with  1^  grams  of  the  Escha  mixture  (1  part  dry  sodium 
carbonate  and  2  parts  of  magnesium  oxide)  in  a  large  crucible. 
Apply  heat  very  cautiously,  especially  in  the  case  of  bituminous 
coals,  until  in  fifteen  minutes  the  bottom  of  the  crucible  is  at 
a  dull  red  heat.  When  the  carbon  is  entirely  burned  away, 
cool  the  residue  and  put  in  a  beaker.  Rinse  crucible  with  a 
small  amount  of  water;  add  45  c.c.  of  bromine  water  and  boil 
for  five  minutes.  Filter  and  wash  the  residue  with  boiling 
water.  The  filtrate  should  have  a  volume  of  about  200  c.c. 
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after  the  washing  is  completed.  To  the  filtrate  add  1$  c.c. 
concentrated  hydrochloric  acid.  Boil  the  solution  to  expel 
the  bromine  and  add  10  c.c.  of  10  per  cent  barium  chloride  solu- 
tion. The  precipitate  of  barium  sulphate  is  now  collected  on  a 
filter  and  washed  well  with  hot  water,  then  the  precipitate  and 
filter  both  placed  in  a  crucible  and  gradually  heated  and  the 
paper  finally  burned.  The  residue  in  the  crucible  is  then  heated 
to  redness,  cooled  in  a  desiccator  and  weighed.  The  weight 
of  the  barium  sulphate  multiplied  by  0.1376  gives  the  weight 
of  sulphur  in  the  sample. 

Sulphur  from  Residue  of  Parr  Calorimeter.  If  a  determina- 
tion of  the  heating  value  of  the  coal  has  been  made  on  the  Parr 
calorimeter,  the  sulphur  may  be  determined  by  treatment  of 
the  residue  in  the  cartridge.  This  is  dissolved  in  an  evaporat- 
ing dish  with  hot  water  and  the  cartridge  thoroughly  rinsed. 
The  solution  is  then  acidified 
with  hydrochloric  acid,  evap- 
orated down  to  dryness  (to  de- 
hydrate the  silicate)  put  into 
solution  again  with  dilute  hydro- 
chloric acid,  then  filtered.  The 
filter  paper  is  thoroughly  washed 
and  the  filtrate  heated  to  boil- 
ing. Barium  chloride  is  then 
added  slowly  and  the  precipitate 
brought  onto  a  filter.  After 
thorough  washing,  it  is  ignited 
and  weighed.  The  sulphur  is 
calculated  as  before. 

The     Sulphur     Photometer. 
Parr's  sulphur  photometer,  Fig. 
7,  affords  a  method  of  determin-     Fia  7  _parr  Sulphur  Photometer, 
ing  the  amount  of  sulphur  from 
the  turbidity  of  the  solution  containing  the  barium  sulphate. 
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Determination  of  the  Heating  Value  of  Coal.  When  the  ulti- 
mate analysis  of  a  particular  coal  is  known — by  which  is  meant 
the  proportions  of  carbon,  hydrogen,  oxygen,  nitrogen,  sulphur 
and  ash — the  heating  value  may  be  calculated  by  Dulong's  for- 
mula: Heat  units  per  Ib.  coal  =  14,600C+62,000(H-|O)+4050S, 
where  C,  H,  O  and  S  are  the  percentages  by  weight  of  carbon, 
hydrogen,  oxygen,  and  sulphur  respectively  in  the  coal.  This 
formula  gives  results  which  will  not  vary  more  than  lj  per  cent 
from  the  correct  calorific  value. 

For  all  commercial  work,  calorific  values  determined  on  the 
Parr  calorimeter  are  entirely  satisfactory.  Comparative  tests 
with  this  instrument  and  the  Mahler  bomb  calorimeter  show  the 
extreme  degree  of  accuracy  obtainable  with  the  Parr  instrument. 
This  list  is  given  in  Table  VIII. 

All  coal  calorimeters  are  based  upon  the  same  principle, 
namely,  that  a  definite  amount  of  heat  will  raise  the  temperature 
of  a  definite  amount  of  water  a  definite  number  of  degrees.  In 
the  calorimeters,  this  heat  is  generated  by  the  combustion  of  the 
coal  in  the  so-called  bomb  or  cartridge.  The  heat  generated 
is  absorbed  by  a  body  of  water  of  definite  weight,  which  surrounds 
the  combustion  chamber  and  is  insulated  from  the  surrounding 
atmosphere.  Suspended  in  this  water  is  a  sensitive  thermom- 
eter which  indicates  the  temperature  of  the  water. 

The  Mahler  Calorimeter.  In  the  Mahler-Atwater  Calor- 
imeter, Fig.  8,  the  coal  is  consumed  within  a  steel  cylinder  of 
about  600  c.c.  capacity.  This  has  a  removable  cover  through 
which  two  platinum  rods  extend  down  into  the  bomb.  On  the  end 
of  one  of  these  rods  is  fastened  the  small  platinum  tray  upon  which 
the  coal  is  burned.  The  rods  serve  also  to  carry  the  electric 
current  down  to  the  small  spiral  of  iron  wire,  the  burning  of  which 
ignites  the  coal.  When  the  sample  of  coal  has  been  put  on  the 
tray  and  the  iron  wire  adjusted,  the  cover  is  screwed  on  the 
bomb  and  pure  oxygen  forced  in  until  a  pressure  of  about  300 
Ibs.  per  sq.  in.  is  reached.  The  oxygen  is  admitted  through 
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a  small  needle  valve  and  connection  on  the  top  of  the  bomb. 
A  definite  weight  of  water  is  now  placed  in  the  brass  bucket  and 
the  bomb  immersed  and  temperature  readings  taken.  The  coal 
is  then  ignited  by  causing  an  electric  current  to  flow  through 
the  iron  filament  inside  the  bomb.  Temperature  readings  are 
taken  continuously  during  the  operation  and  the  exact  rise  in 


FIG.  8. — Mahler  Calorimeter. 


temperature  of  the  water  observed,  the  water  being  kept  in  con- 
tinuous agitation  throughout  the  period  to  insure  uniform 
distribution  of  the  heat. 

The  Parr  Calorimeter.*  In  the  Parr  calorimeter,  Fig.  9, 
the  combustion  is  brought  about  by  mixing  a  strong  oxidizing 
substance,  sodium  peroxide,  with  the  coal  which  is  to  be  burned. 
This  does  away  with  the  use  of  oxygen  under  high  pressure, 
and  makes  a  large  bomb  unnecessary.  The  products  of  the  com- 
bustion, namely,  carbon  dioxide,  sulphur  dioxide  and  water, 
combine  directly  with  the  sodium  forming  carbonate,  sulphate 

•See  W.  S.  Parr  in  Journ.  Am.  Chem.  Soc.,  Vol.  22,  page  046,  1900. 
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and  hydroxide  of  soda.*  The  heat  due  to  these  chemical  com- 
binations has  to  be  corrected  for  in  the  calculation  of  the  heat 
value  of  the  fuel.  This  has  been  found  to  be  a  constant  quan- 
tity amounting  to  27  per  cent  of  the  heat  produced,  hence  the 
constant  .73  is  applied  to  the  calculation. 

When  the  coal  burns,  all  of  the  heat  generated  is  not  absorbed 
by  the  water  surrounding  the  cartridge.  A  part  of  the  heat 
goes  to  raise  the  temperature  of  the  metal  of  the  cartridge  and 


FIG.  9. — Parr  Calorimeter.     General  View. 

can,  and  the  glass  and  mercury  of  the  thermometer.  The 
amount  of  the  heat  is  determined  and  the  water  equivalent 
calculated  by  weighing  each  of  the  different  parts  and  multiply- 
ing by  the  specific  heat  of  the  respective  materials.  The  car- 
tridge and  can  are  made  of  brass  and  have  a  specific  heat  of  .092. 
Since  the  product  of  the  specific  heat  by  the  specific  gravity 
is  the  same  for  both  mercury  and  glass,  it  follows  that  1  c.c. 
of  either  mercury  or  glass  will  be  raised  one  degree  by  the  same 
amount  of  heat.  The  volume  of  the  part  of  the  thermometer 

*  See  also  Olaen,  "  Quantitative  Chemical  Analysis,"  page  397. 
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that  is  immersed  during  the  calorimetric  determination  can  be 
determined  by  immersing  that  portion  of  the  thermometer  in  a 
cylinder  graduate;!  to  1  c.c.  and,  after  withdrawing,  noting  the 
number  of  cubic  centimeters  of  water  that  have  been  displaced. 
For  example,  the  exact  weight  of  the  cartridge  and  vanes 
(exclusive  of  pulley)  of  one  of  the  Parr  instruments  was  548 
grams  and  the  weight  of  the  can  and  bearings  908  grams,  a 
total  of  1456  grams.  The  water  equivalent  of  this  amount  of 
brass  is, 

.092X1456  =  133.952  c.c. 

The  graduated  cylinder  before  immersion  of  the  thermometer 
contained  82  c.c.  of  water  and  after  immersion  showed  89.5  c.c., 
the  volume  displaced  by  the  thermometer  being  7.5  c.c.  Thus 
the  water  equivalent  of  the  immersed  part  of  the  thermometer 
was  7.5  X  (13.58  X  .0333)  =  3.392  c.c. 

(13.58  =  specific  gravity  of  mercury.) 
(.0333  =  specific  heat  of  mercury.) 

These  two  in  addition  to  the  2000  c.c.  of  water  put  into  the 
instrument,  make  the  complete  water  equivalent  of  the  parts 

133.95 
3.39 
2000. 


2137.34  grams. 

The  water  equivalent  according  to  the  makers  is  2135  grams. 
Knowing  the  water  equivalent  of  the  metal  and  the  amount 
of  water  used  (2000  c.c.)  a  constant  is  determined  by  which  the 
corrected  rise  in  temperature  is  multiplied  to  give  the  heat  units 
per  pound  of  the  coal  being  tested.  In  the  Parr  calorimeter  as 
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now  made  this  constant  is  3117.  This  is  determined  in  the  fol- 
lowing manner:  If  \  gram  of  coal  causes  2135  grams  of  water 
to  rise  "  r"  degrees,  and  if  only  73  per  cent  of  this  is  due  to 
combustion  then  .73X2135X2X"  r  "=rise  in  temperature  that 
would  result  from  the  combustion  of  an  equal  weight  (2135 
grams)  of  coal. 

.73X2135X2  =  3117 

the  factor  2  being  used,  since  but  |  gram  of  coal  is  taken  in  a 
heat  determination.  To  assist  in  the  starting  of  the  combustion 
when  the  charge  is  ignited  it  has  been  found  necessary  to  add  a 
small  amount  of  some  substance  which  gives  up  its  oxygen  more 
readily  than  the  peroxide.  Potassium  chlorate  is  used  for  this 
purpose  and  is  called  the  "  accelerator." 

The  indicated  rise  in  temperature  in  this  determination  will 
be  too  high,  not  only  because  of  the  combination  of  the  products 
of  combustion  with  the  sodium,  but  also  because  of  the  oxidation 
of  the  sulphur  and  ash  and  the  decomposition  of  the  potassium 
chlorate.  It  will  also  be  too  high  because  of  the  heat  in  the 
ignition  of  the  electric  fuse  wire.  The  deductions  to  be  made 
from  the  indicated  rise  in  temperature  as  shown  on  the  thermom- 
eter are  as  follows: 

For  each  1%  ash  deduct 005°  F. 

For  each  1%  sulphur  deduct 010  " 

For  1  gram  potassium  chlorate  deduct 234  ' ' 

For  the  electric  fuse  wire  deduct 014  ' ' 

For  coals  of  the  central  western  type  having  total  moisture 
over  5  per  cent  or  fixed  carbon  under  50  per  cent  include  a 
further  correction  of  .045°  F.  Any  loss  or  gain  of  heat  by 
radiation  is  compensated  for  by  starting  the  determinations 
with  the  water  as  much  below  atmospheric  temperature  as  it 
will  rise  above  this  temperature  after  the  ignition  has  been  com- 
pleted. 
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Fig.  10  shows  the  construction  of  the  cartridge  in  the  newer 
type  of  Parr  calorimeter,  and  Fig.  11  the  cartridge  set  in  its 
place.  One  of  the  improvements  in  construction  over  a  pre- 
vious type  of  this  instrument  consists  in  the  removable  covers 
of  the  cartridge  (F  and  E)  which  are  made  tight  by  rubber  gaskets 


FIG.  10. — Cartridge  of 
Parr  Calorimeter. 


FIG.  11.— Cartridge  of  Pan- 
Calorimeter  set  in  place. 


and  held  firmly  in  place  by  caps,  the  threads  of  which  are  on  the 
outside  of  the  body  where  they  can  in  no  way  come  into  contact 
with  the  chemical.  The  other  important  improvement  over  the 
older  type  is  in  the  arrangement  for  igniting  the  charge  by  means 
of  the  electric  fuse  wire. 
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Conducting  a  Heat  Determination.  The  method  of  pro- 
cedure in  determining  the  heating  value  of  a  sample  of  coal  on 
the  Parr  calorimeter  is  as  follows: 

1.  Take  from  the  desiccator  and  weigh  out  accurately  upon 
a  watch  crystal  %  gram  of  the  dried  sample  which  has,  previous 
to  drying,  been  passed  through  a  100-mesh  sieve. 

2.  Put  2  liters  of  water  into  the  calorimeter  at  a  temperature 
3°  below  that  of  the  room. 

3.  Put  1  gram  of  potassium  chlorate  into  the  bottom  of  the 
cartridge. 

4.  Put  the  \  gram  of  coal  on  top  of  this,  carefully  brushing 
every  particle  of  the  coal  from  the  watch  crystal. 

5.  Mix  the  coal  and  potassium  chlorate  by  gently  rolling  or 
jarring  the  cartridge,  and  if  any  lumps  are  formed  break  them 
down  with  a  glass  rod. 

6.  Add  to  the  mixture  one  measure  of  thoroughly  dry  sodium 
peroxide. 

7.  Put  the  false  cap  on  the  cartridge  and  thoroughly  mix  the 
contents  by  shaking,  and  after  thorough  mixture  tap  the  cartridge 
to  dislodge  the  material  from  the  upper  part. 

8.  Adjust  the  fuse  wire  to  the  terminals  forming  a  loop  which 
extends  f  inch  below  the  terminals.     (This  wire  is  No.  34  Amer- 
ican gauge.) 

9.  Remove  the  false  cap  and  adjust  the  regular  cap  to  the 
cartridge. 

10.  Screw  the  cap  firmly  in  place.     Be  careful  to  keep  the 
cartridge  in  an  upright  position  so  as  not  to  scatter  the  chemical 
up  around  the  cap  where  the  terminals  pass  through,  in  this  way 
avoiding  a  short  circuit. 

11.  Adjust  the  vanes   and    place   cartridge    in   the    can    of 
water. 

12.  Adjust  cover  and  put  thermometer  in  place,  extending 
about  one-half  way  to  the  bottom  of  the  can.     Put  pulley  in 
place. 
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13.  Connect  pulley  to  motor  and  revolve  clockwise  so  as  to 
circulate  the  water  downward  in  the  can.     Run  at  about  100 
revolutions  per  minute. 

14.  Take  temperature  readings  until  temperature  of  water 
is   constant,    reading  thermometer   with 

microscope,    Fig.  12,  and  estimating   to 
tenths  of  smallest  divisions. 

15.  Ignite  charge  by  closing  circuit 
of  four  amperes  from  6  or  8  dry  cells 
or  obtain  current  by  placing  in  parallel 
five  16  candle-power  lamps  in  a  110-volt 
circuit,  Fig.  13. 

16.  Read  thermometer  at  intervals  of 

three  minutes  until  temperature  becomes  constant  or  begins  to 
fall. 

17.  Remove  cartridge,  unscrew  parts  and  dissolve  the  residue 
in  the  cartridge  with  hot  water. 

18.  Rinse  all  parts  thoroughly  and  dry. 


FIG.  12. — Microscope  for 
Reading  Thermometer 
on  Parr  Calorimeter. 


FIG.  13. — Lamp  Resistance  for  Calorimeter  Ignition. 


Determination  of  the  Calorific  Value  of  Ash.  The  process 
for  this  determination  is  similar  to  that  for  determining  the 
calorific  value  of  a  sample  of  coal  in  the  Parr  calorimeter.  The 
difficulty  in  igniting  the  ash,  however,  requires  the  mixture  of  a 
known  weight  of  some  substance  which  has  a  high  calorific  value 
with  the  ash  and  igniting  the  two  together.  Benzoic  acid  is 
very  successfully  used  for  this  purpose.  The  mixture  put  into 
the  cartridge  is  as  on  page  32. 
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$  gram  potassium  chlorate; 

£  gram  benzole  acid; 

10  grams  (one  measure)  sodium  peroxide; 

i  gram  of  ash  to  be  tested. 

The  corrections  to  be  applied  to  the  indicated  temperature 
rise  due  to  the  chemicals  is  determined  by  running  two  or  more 
blank  tests,  omitting  only  the  ash  from  the  above  list  of  sub- 
stances. The  temperature  rise  obtained  in  this  manner  is  deducted 
from  the  temperature  rise  upon  the  sample  containing  the  ash 
and  the  result  multiplied  by  2X3117=6234. 

Proximate  and  Ultimate  Analyses  of  some  Typical  American 
Coals.  The  list  of  coal  analyses  in  Table  IX  has  been  arranged 
from  tests  conducted  by  the  United  States  Geological  Survey  in 
the  coal-testing  plant  at  the  Louisiana  Purchase  Exposition  in  St. 
Louis,  1904. 
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CHAPTER  II 

TESTS  FOR  DETERMINING  THE  ECONOMY  OF 
COMBUSTION 

TESTS  for  determining  the  economy  of  combustion  com- 
prise a  study  of  the  relations  existing  between  heat  production 
in  a  furnace  and  heat  absorption  in  the  boiler.  The  investiga- 
tion should  bring  out  all  information  relating  to  the  fuel  and  its 
fitness  for  combustion  along  with  facts  showing  the  relation  of 
air  supply  and  quality  of  flue  gas  to  high  efficiency.  The  inves- 
tigation should  also  reveal  the  points  at  which  heat  losses  occur, 
and  make  it  possible  to  apply  the  proper  methods  of  reducing 
these  losses  to  a  minimum. 

The  Chemistry  of  Combustion.  The  burning  of  coal  con- 
sists in  its  chemical  combination  with  oxygen,  this  combination 
taking  place  in  the  presence  of  heat  and  itself  producing  heat. 
The  elements  composing  coal  are:  Carbon,  hydrogen,  oxygen, 
nitrogen,  sulphur  and  ash.  In  the  process  of  combustion  the 
carbon,  hydrogen  and  sulphur  combine  with  the  free  oxygen, 
supplied  from  the  air  and  coal,  and  produce  heat  with  an  evolu- 
tion of  gas — the  so-called  products  of  combustion.  The  ash 
not  only  does  not  burn  but,  by  its  intimate  mixture  with  the 
other  elements  in  the  coal,  tends  to  retard  combustion  by  pre- 
venting the  free  passage  of  oxygen  to  the  particles  of  combustible 
matter  about  it.  The  nitrogen  is  of  such  small  quantity  that  for 
all  practic?  1  purposes  it  may  be  disregarded. 

The  carbon,  hydrogen  and  sulphur  combine  with  oxygen 
in  a  fixed  proportion  according  to  their  atomic  weights.  Carbon 
(C)  combines  with  oxygen  and  forms  carbon  dioxide  (C02). 
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The  atomic  weight  of  carbon  is  12,  and  that  of  a  molecule  of 
carbon  dioxide  44,  so  that  in  44  pounds  of  CO2  gas  there  are  12 
pounds  of  carbon  and  32  pounds  of  oxygen;  in  other  words, 
1  pound  of  carbon  requires  32/12  or  2.66  pounds  of  oxygen 
for  its  combustion.  Similarly,  two  atoms  of  hydrogen  combine 
with  one  of  oxygen  to  form  one  molecule  of  water  (H20).  The 
atomic  weight  of  hydrogen  is  1  and  that  of  a  molecule  of 
water  18,  so  that  in  18  pounds  of  water  there  are  16  pounds  of 
oxygen  and  2  pounds  of  hydrogen,  1  pound  of  hydrogen  requir- 
ing for  its  combustion  8  pounds  of  oxygen.  In  like  manner  the 
sulphur  burns  to  sulphur  dioxide  gas  (862),  sulphur  having  an 
atomic  weight  of  32,  and  862  a  molecular  weight  of  64.  Sixty- 
four  pounds  of  SO2  thus  contains  32  pounds  sulphur  and  32  pounds 
oxygen,  or  each  pound  of  sulphur  requires  1  pound  of  oxygen 
for  its  combustion. 

The  fatio  of  air  to  the  oxygen  contained  in  air  is  about  4.348 
to  1,  by  weight,  hence, 

One  pound  of  carbon  requires  for  its  combustion 

2.667X4.348  =  11.596  pounds  of  air. 
One  pound  hydrogen  requires  for  its  combustion 

8X4.348  =  34.784  pounds  of  air. 
One  pound  sulphur  requires  for  its  combustion 

1X4.348  =  4.348  pounds  of  air. 

A  coal  which  contains  88.89  per  cent  carbon,  2.58  per  cent 
oxygen,  4.15  per  cent  hydrogen,  and  2.78  per  cent  sulphur 
would  require  the  following  pounds  of  air  for  its  combustion: 

Carbon,      1 1. 596  X.  889  =  10.309; 

/  9  58\ 

Hydrogen,  34.784X.038=   1.322,  where  U.15-^J  =3.83; 
Sulphur,       4.348  X. 028=  0.122 

11.753 
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The  approximate  amount  of  air  required  for  the  theoretical 
combustion  of  a  pound  of  coal  is  given  by  the  formula: 


where  A=the  number  of  pounds  of  air  per  pound  of  fuel  and 
C,  H,  O  and  S  the  proportionate  parts  of  carbon,  hydrogen, 
oxygen  and  sulphur  respectively.  The  use  of  this  formula  involves 
a  chemical  analysis  of  the  coal.  A  list  of  such  analyses  appears 
in  Table  IX.  The  air  supply  necessary  for  the  combustion  of 
different  kinds  of  fuel,  calculated  from  the  above  approximate 
formula,  appears  in  Table  XXIII. 

When  the  analysis  of  the  flue  gases  is  known  the  actual  amount 
of  air  supplied  per  pound  of  fuel  may  be  determined  from  Kent's 
formula:* 


where  N,  CO,  and  CO2  are  the  percentages  by  volume  of  nitrogen, 
carbon  monoxide  and  carbon  dioxide  respectively  in  the  flue  gases 
and  C  the  proportionate  part,  by  weight,  of  carbon  in  the  fuel. 
Furnace  Economy.  Tests  for  the  determination  of  furnace 
economy  consist  chiefly  in  the  investigation  of  the  fuel  in  its 
relation  to  air  supply  and  to  the  quality  of  the  products  of  com- 
bustion. Of  the  elements  producing  the  gases  found  in  the  prod- 
ucts of  combustion,  carbon  is  the  most  important  and  is  found 
in  by  far  the  greatest  quantity.  Its  complete  combustion 
results  in  the  formation  of  carbon  dioxide  gas  (CO2)  and  the 
generation  of  14,500  B.t.u.  of  heat  per  pound.  Its  incomplete 
combustion  results  in  the  formation  of  carbon  dioxide  gas  and 
carbon  monoxide  gas  (CO).  The  part  burning  to  carbon  mon- 
oxide produces  only  4450  B.t.u.  per  pound,  which  is  about  one- 

*  "  Steam  Boiler  Economy,"  page  32. 
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third  of  the  heat  generated  by  the  complete  combustion  of  the 
carbon. 

In  an  ideal  case  of  combustion  where  just  enough  oxygen  is 
furnished  the  fuel  to  completely  burn  it,  the  products  of  the 
combustion  would  contain  carbon  dioxide  and  nitrogen,  all  of 
the  oxygen  being  combined.  The  percentage  of  C(>2  would 
then  be  20.91  and  of  nitrogen  79.09.  This  condition,  however, 
cannot  be  obtained  in  a  furnace,  and  best  results  are  obtained 
where  there  is  50  per  cent  of  air  in  excess  of  that  theoretically 
necessary.  The  products  of  combustion  therefore  contain  a 
certain  amount  of  free  oxygen  which  has  escaped  combination 
and  has  gone  through  to  the  stack.  There  will  then  be  found 
in  the  flue  gases  carbon  dioxide,  oxygen  and  nitrogen  and,  if  the 
combustion  has  been  incomplete,  carbon  monoxide.  In  addition 
to  these,  moisture  will  be  present  from  the  burning  of  the  hydrogen 
and  from  the  free  water  which  the  coal  contains,  and  a  small 
amount  of  SO2  from  the  combustion  of  sulphur.  The  combined 
percentages  of  CO2  and  oxygen  will  closely  approximate  20.91. 

It  is  evident  that  a  given  percentage  of  COz  in  the  flue  gases 
represents  either  an  excess  or  deficiency  in  the  amount  of  air 
supplied  to  the  fuel.  A  deficient  air  supply  is  indicated  by  the 
presence  of  carbon  monoxide  (CO).  Any  change  whereby  more 
air  is  admitted  to  the  fire  will  tend  to  eliminate  this  CO  and  increase 
the  amount  of  CO2,  thereby  increasing  the  efficiency  of  combus- 
tion. An  excessive  air  supply,  on  the  other  hand,  will  be  indicated 
by  a  high  percentage  of  free  oxygen  in  the  gases  and  a  correspond- 
ingly low  percentage  of  CO2.  Any  increase  in  the  CO2,  and 
hence  in  the  economy,  must  then  be  accomplished  by  decreasing 
the  supply  of  air. 

Flue  gas  analyses  are  quite  simple  and  are  usually  made  with 
the  Orsat  type  of  instrument  (page  111),  or  with  recording  CO2 
meters  (page  115). 

High  furnace  economy  may  be  taken  to  consist  in  the  com- 
plete combustion  of  a  maximum  amount  of  fuel,  and  an  investiga- 
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tion  of  economy  should  include  the  fuel — especial  attention  being 
paid  to  its  kind,  size  and  quality,  also  the  rate  at  which  it  is  sup- 
plied and  the  thickness  of  the  bed  of  coal.  These  fuel  conditions 
when  properly  adjusted  to  air  supply,  as  shown  in  draft  and  COz 
readings,  contribute  greatly  to  high  furnace  economy.  Illustrating 
some  of  the  detail  which  such  an  investigation  will  bring  out,  the 
following  sequence  of  events  is  given  and  indicates  the  process 
of  combustion  on  a  chain-grate  stoker,  Fig.  14:  As  the  coal 
emerges  from  beneath  the  gate  it  is  closely  packed  (especially 
so  in  the  case  of  slack)  and  permits  the  passage  of  only  a  small 
amount  of  the  air  necessary  for  its  combustion.  As  it  starts 
forward  beneath  the  arch  the  surface  quickly  dries  and  igni- 
tion begins.  As  the  coal  moves  farther  forward  the  heat  gradually 
penetrates  deeper,  continually  vaporizing  moisture.  *  This  moist- 
ure as  it  passes  through  the  bed  of  the  fuel  opens  up  small  pas- 
sageways which  serve  for  the  distribution  of  air  which  the  coal 
now  needs  for  its  combustion.  The  vaporizing  of  the  surface 
moisture  takes  heat  away  from  the  furnace,  this  heat  being 
supplied  from  the  ignition  arch  above.  This  water  vapor 
impinging  upon  the  hot  surfaces  of  the  arch  dissociates  and  fur- 
nishes oxygen  to  the  hydrocarbons  rising  from  the  surface  of  the 
coal,  forming  the  two  combustible  gases  carbon  monoxide  and 
hydrogen.  To  assist  in  completing  the  combustion  of  such 
gases  is  the  function  of  the  increased  supply  of  air  coming  up 
through  the  bed  of  the  coal. 

The  proper  thickness  of  fire  must  be  determined  in  relation 
to  draft,  size  of  coal  and  speed  at  which  the  grate  must  be  run. 
The  speed  will  be  governed  by  the  condition  of  the  bed  of  coal 
at  the  rear  of  the  grate,  sufficient  depth  being  maintained  to 

*  The  amount  of  surface  moisture  necessary  for  successful  ignition,  in 
the  formation  of  air  passages  through  the  bed  of  the  fuel,  varies  with  the  sizing 
of  the  coal.  Nut  coal  does  not  require  surface  moisture  for  its  successful 
combustion,  while  coal  high  in  slack  requires  the  further  addition  of  surface 
moisture  in  amounts  as  high  as  5  per  cent,  varying  with  the  amount  of  slack. 
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avoid  the  burning  of  holes  or  a  "  short  "  fire.  Free-burning 
coking  coals  for  this  reason  call  for  heavier  thicknesses  of  fire 
and  slower  rates  of  feeding  than  coals  higher  in  fixed  carbon. 
In  no  case  should  the  rate  of  feeding  be  so  great  as  to  allow  the 
coal  to  pull  away  any  considerable  distance  from  the  gate  before 
ignition.  When  this  takes  place  the  cool  air  and  water  vapor 
are  drawn  through  the  coal  and  pass  up  along  the  surface  of 
the  arch,  cooling  it  and  eventually  interrupting  the  service  of  the 
boiler.  Too  great  speed  of  grate  results  in  a  "  long  "  fire  involv- 
ing a  loss  of  fuel  still  unburned  on  Teaching  the  rear  of  the 
grate,  and  often  times  a  "  roll  "  on  the  bridge  wall. 

For  each  different  kind  of  coal  there  is  a  range  of  air  pressure 
between  the  under  side  of  the  grate  and  the  upper  side  of  the  bed 
of  coals  which  gives  best  results  with  the  fire.  Table  X  illus- 
trates this  in  the  case  of  a  few  coals. 

The  working  out  of  an  economical  system  of  furnace  operation 
must  be  accomplished  by  experiment  and  can  be  established 
only  by  repeated  tests  on  the  flue  gases  under  various  methods 
of  operation.  In  following  out  the  investigation  one  series  of 
observations  should  be  made  by  feeding  a  given  size  and  grade 
of  coal  to  the  furnace  at  a  certain  rate,  noting  all  of  the  condi- 
tions, including  horse-power  output,  quality  and  temperature  of 
flue  gases.  Another  series  of  observations  should  then  be  made 
after  making  a  change  in  the  quality  or  size  of  the  fuel.  The 
CC>2  content  of  the  flue  gases  in  connection  with  the  capacity 
output  of  the  boiler  furnishes  a  sure  guide  as  to  which  of  the  kind 
or  sizes  of  coal  is  being  consumed  under  conditions  of  highest 
economy.  Again,  coal  qualities  and  sizes  may  be  maintained 
constant  and  changes  made  in  the  thickness  of  the  bed  of  coal 
and  in  the  rate  of  feeding,  and  again  the  capacity  output  and  CC>2, 
along  with  temperatures  and  drafts,  will  indicate  most  economical 
combustion.  In  cases  where  an  insufficient  supply  of  air  is  being 
admitted  to  the  furnace  the  CO2  will  tend  to  remain  high,  but 
the  lowering  in  furnace  temperature  and  boiler  output  along  with 
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TABLE  X l 

FORCE  OF  DRAFT  REQUIRED  BETWEEN  FURNACE  AND  ASH 
PIT  WHEN  BURNING  VARIOUS  QUANTITIES  OF  COAL 


Coal  Burned  per 
Hour  per  Sq.  Ft. 
Grate  Surface. 

Draft  Required, 
Inches  of  Water. 

Coal  Burned  per 
Hour  per  Sq.  Ft. 
Grate  Surface. 

Draft  Required, 
Inches  of  Water. 

Bituminous  Slack  on  Chain  Grate 

Run  of  Mine,  Semi-bituminous 

10 

.087 

10 

.078 

15 

.155 

15 

.131 

20 

.233 

20 

.201 

25 

.325 

25 

.278 

30 

.440 

30 

.369 

35 

.577 

35 

.482 

40 

.740 

40 

.618 

45 

.935 

45 

.780 

50 

.979 

Bituminous  Slack 

• 

10 

.070 

No.  1  Anthracite 

15 

.110 

5 

.090 

20 

.157 

10 

.      .232 

25 

.211 

15 

.430 

30 

.270 

20 

.673 

35 

.339 

25 

1.005 

40 

.420 

29 

1.400 

45 

.520 

50 

.631 

Run  of  Mine,  Bituminous 

Anthracite  Pea 

10 

.020 

5 

.060 

15 

.049 

10 

.163 

20 

.101 

15 

.294 

25 

.132 

20 

.447 

30 

.170 

25 

.642 

35 

.216 

30 

.881 

40 

.258 

35 

1.224 

45 

.322 

37 

1.410 

50 

.390 

i  Stirling. 
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FIG.  15. — Tycos  Recording  Pyrometer. 
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a  sudden  rise  in  the  furnace  draft  will  be  positive  indication  of 
the  inefficient  condition  existing  in  the  furnace. 

For  the  purpose  of  these  investigations  the  CC>2  instruments 
noted  above  may  be  of  great  service,  especially  when  used  in 
connection  with  recording  draft  gauges,  re- 
cording pyrometers,  Fig.  15,  and  capacity 
flow-meters,  Fig.  16.  The  steam  flow-meter 
(described  on  page  106)  has  recently  been 
perfected  by  the  General  Electric  Company 
and  is  an  instrument  which  is  of  great  value 
to  the  engineer  for  boiler-room  investiga- 
tions. This  shows  the  horse-power  output 
of  the  boiler  at  all  times  and  indicates  how 
effectively  the  heating  surface  of  the  boiler  is 
absorbing  the  heat  produced  in  the  furnace. 
With  the  aid  of  such  testing  equipment  it 
is  only  necessary  that  the  coal  burned  dur- 
ing a  given  interval  of  time  shall  be  weighed 
and  a  subsequent  test  made  of  its  calorific 
value  and  proximate  analysis  in  order  to 
obtain  a  complete  record  of  the  economy 
and  operating  efficiency  of  the  boiler. 

One  of  the'  features,  which,  from  an 
operating  standpoint,  detracts  from  the 
value  of  a  complete  boiler  test — in  which 
the  coal,  water  and  ash  are  carefully  weighed,  and  where  great 
care  is  used  in  firing — is  the  fact  that  the  test  is  not  being  con- 
ducted under  ordinary  conditions  of  operation  and  that  the  fire- 
man and  everyone  connected  with  the  equipment  is  using  more 
than  ordinary  care.  With  a  good  set  of  recording  instruments 
the  engineer  is  able  to  conduct  a  test  under  the  actual  conditions 
of  ordinary  operation,  possibly  without  the  knowledge  of  the 
fireman,  the  instruments  giving  him  an  accurate  record  of  all 
conditions  as  they  have  been  developed  during  the  day's  run. 


FIG.  16. — Indicating 
Steam  Flow-meter 
for  Boiler  Use. 
Type  F-S-2. 
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On  the  basis  of  observations  made  during  such  conditions.imethods 
of  operation  may  be  worked  out  which  will  give  highest  furnace 
and  boiler  economy. 

Furnace  Losses.  In  addition  to  the  considerations  of  air 
supply  and  favorable  combustion,  further  tests  should  be  made 
for  determining  furnace  losses.  These  may  be  investigated 
at  three  points: 

1.  In  the  heat  carried  away  in  the  flue  gases. 

2.  In  the  coal  which  has  not  burned,  but  has  gone  into  the 
ash  pit. 

3.  In  radiation. 

Heat  not  dissipated  from  these  causes  may  be  considered  as 
being  taken  up  by  the  boiler.* 

1.  The  amount  of  heat  carried  away  by  the  flue  gases  may 
be  determined  by  multiplying  the  weight  of  the  flue  gases  by  the 
difference  in  temperature  between  the  air  entering  the  furnace 
and  the  gases  leaving.  The  weight  of  the  flue  gases  is  the  weight 
of  the  fuel,  less  the  ash  and  unburned  coal,  plus  the  weight  of  air 
supplied.  For  1  pound  of  fuel,  using  Kent's  formula,  the 
weight  of  the  flue  gases  will  be, 


where  A  is  the  proportional  part,  by  weight,  of  ash  in  the  fuel; 

C  is  the  proportional  part,  by  weight,  of  carbon  in  the 

fuel; 
C02,CO  and  N  the  proportional  part,  by  volume,  of  car- 

bon dioxide,  carbon  monoxide  and  nitrogen  in  the  gases. 

*  The  amount  of  heat  taken  up  in  the  vaporization  of  the  moisture  of 
the  coal,  and  in  the  formation  and  vaporization  of  water  formed  in  the  burn- 
ing of  the  hydrogen  which  the  coal  contains,  can  also  be  ascertained.  There 
is  little  control  over  these  losses,  however,  and  little  to  be  gained  in  their 
especial  investigation.  (See  page  94.) 
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The  B.t.u.  carried  away  by  the  flue  gases  per  pound  of  coal 
will  then  be: 

B.t.u.  =  .  24  XW(T-t), 

where  .24  is  the  specific  heat  of  the  flue  gas; 
T  =  the  temperature  of  the  flue  gas; 
/  =  the  temperature  of  air  supplied  to  the  furnace. 

Where  excessively  high  flue  gas  temperatures  are  found 
with  good  CO2  and  every  indication  of  good  combustion,  an 
examination  of  the  boiler  baffles  for  leaks  may  show  the  cause  of 
the  trouble.  Such  "  short  circuits  "  tend  to  increase  the  flue 
temperatures  greatly  and  reduce  the  furnace  economy. 

2.  The  amount  of  unburned  fuel  in  the  ash  is  determined  by 
obtaining  a  representative  sample  of  the  ash  extending  over  a 
certain  interval  of  time  and  testing  for  its  heating  value.  A 
close  approximation  of  the  heat  units  lost  in  this  manner  may 
be  gotten  from  a  proximate  analysis  of  the  sample  which  shows 
the  percentage  of  combustible  matter  which  it  contains.  The 
heat  units  lost  in  the  ash  will  bear  nearly  the  same  relation  to 
the  heat  units  supplied  hi  the  coal  as  the  combustible  portion 
of  the  ash  bears  to  the  original  coal.  For  example,  if  the  refuse 
from  a  coal  whose  proximate  analysis  shows  18  per  cent  ash  and 
11,000  B.t.u.  is  found  to  contain  20  per  cent  combustible,  this 
would  represent  3.6  per  cent  of  the  original  coal.  The  heat 
lost  would  then  be  represented  roughly  by  3.6  per  cent  XI  1,000, 
or  396  B.t.u.  per  pound  of  coal  burned.  This  loss  if  excessive 
calls  for  more  care  in  the  regulation  of  fires,  inasmuch  as  the 
trouble  can  usually  be  traced  to  the  carrying  of  fires  too  "  long." 
The  quality  of  the  ash  from  an  efficiently  operated  power  station 
will  vary  according  to  the  quality  of  the  coal  burned.  Bituminous 
coals  of  18  per  cent  ash  will  usually  be  found  to  leave  a  residue 
which  contains  from  16  to  18  per  cent  of  combustible. 
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3.  The  radiation  loss  is  seldom  measured,  and  usually  com- 
poses a  large  part  of  the  item  called  "  unaccounted  for  "  which 
enters  into  the  complete  heat  balance  of  a  boiler.  The  amount 
of  radiation  depends  upon  the  surface  exposed  and  the  kind 
of  insulating  material  used  in  the  boiler  setting.  It  also  depends 
upon  the  temperature  and  efficiency  of  the  fire,  the  higher  furnace 
temperatures  causing  a  greater  loss. 

Function  of  the  Boiler.  The  function  of  the  boiler  is  to  absorb 
the  heat  which  has  been  liberated  from  the  fuel  in  the  furnace. 
The  amount  of  heat  which  a  boiler  can  absorb  in  a  unit  of  time 
depends  upon  three  things,  viz. : 

First — the  difference  in  temperature  between  the  water  within 
the  boiler  and  the  hot  gases  impinging  upon  the  heating  surfaces 
without. 

Second — upon  the  quality  of  these  gases. 

Third — upon  the  ability  of  the  material  which  separates  the 
water  from  the  hot  gases  to  conduct  the  heat  from  the  one  to  the 
other. 

A  boiler  operating  under  175  pounds  gauge  pressure  will 
contain  water  at  a  temperature  of  377°  F.  Obviously  only  that 
portion  of  the  heat  generated  in  the  furnace  which  is  above 
377°  is  available  for  absorption  in  the  boiler,  provided 
the  heating  surfaces  are  in  the  most  favorable  condition  for 
the  transmission  of  the  heat.  In  other  words,  in  a  furnace 
which  develops  a  temperature  of  2500°  F.  from  an  air  temper- 
ature of  60°  F.,  (377-60)  or  317  B.t.u.,  or  12.68  per  cent  of  the 
heat  developed  cannot  get  into  the  water  of  the  boiler. 

The  investigation  of  the  above  conditions  of  maximum  heat 
transmission  must  be  made  at  three  points,  viz.,  as  to  the  efficient 
contact  of  gases  and  heating  surfaces;  as  to  the  presence  or 
absence  of  substances  which  are  heat  insulators  both  within  and 
without  the  tubes;  and  as  to  the  proper  circulation  of  water  in 
the  boiler. 

Tests  for  determining  the  efficiency  of  the  contact  of  hot 
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gases  and  heating  surfaces  are  accomplished  by  temperature  and 
draft  readings  throughout  the  boiler  passes.  In  a  boiler  in 
which  the  passes  are  arranged  as  shown  in  Fig.  17,  a  Babcock 
and  Wilcox  vertical  three-pass  boiler,  a  series  of  temperature 


FIG.  17.— B.  &  W.  Boiler  with  Three  Vertical  Passes. 


readings  may  be  taken  by  means  of  a  pyrometer,  Fig.  18,  at 
consecutive  points  along  the  path  of  the  hot  gases.  Any  irreg- 
ularity noted  in  the  gradual  drop  in  temperature  through  the  passes 
will  indicate  the  presence  of  leaks  in  the  baffling.  These  leaks 
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act  as  short  circuits  preventing  a  portion  of  the  gases  from  proper 
contact  with  the  heating  surfaces,  the  heat  escaping  to  the  stack. 


FIG.  18. — Hoskins  Indicating  Thermo- 
electric Pyrometer. 


FIG.  19.— Peabody  Draft 
Gauge  with  Vernier. 


In  this  manner  points  at  which  eddies  and  dead  corners  occur 
in  the  passes  (especially  in  the  case  of  horizontally  baffled  boilers) 
may  be  detected,  and  by  slight  changes  in  the  position  of  the  baffles 
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may  veryoften  be  remedied  with  a  definite  increase  in  the  efficiency 
of  the  heating  surface  at  these  points.  In  a  similar  manner 
draft  readings  at  various  points  along  the  path  of  the  gases  will 
indicate  the  condition  of  the  setting.  A  draft  gauge  which  gives 
most  satisfactory  and  accurate  results  is  shown  in  Fig.  19.  The 
Ellison  differential  gauge,  Fig.  20,  is  also  commonly  used,  though 
not  convenient  for  portable  use. 

The  avoidance  of  heat-insulating  materials  both  on  the  wet 
and  on  the  dry  sides  of  the  heating  surfaces  is  the  most  important 
consideration  in  connection  with  the  efficiency  of  the  boiler  as  a 
heat-absorbing  medium.  On  the  wet  side  of  the  heating  surface 


FIG.  20. — Ellison  Differential  Draft  Gauge. 

scale  must  be  prevented  from  forming.  If  some  scale  is  unavoid- 
able, the  soft  carbonate  scales  are  preferable,  as  their  porosity 
permits  the  water  to  penetrate  through  to  the  metal  surfaces, 
thereby  preventing  them  from  heating  up  to  the  same  extent  as 
is  the  case  with  the  metal  beneath  the  hard  sulphate  scales. 
Aside  from  the  decided  loss  in  efficiency  from  the  presence  of 
scale  in  boiler  tubes,  a  real  danger  exists  in  the  temperature  to 
which  the  metal  of  the  tubes  may  be  raised.  Two  tests  of  a 
series  by  Stomeyer  and  Baron  in  discussing  this  subject  in 
"  Engineering,"  Dec.  25,  1903,  were  upon  boiler  tubes  with  and 
without  scale  and  were  as  follows: 
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•      TABLE  XI 


Flame-swept  Tubes. 

With  No  Scale. 

With  J"  Scale. 

Temperature  of  flame  

2421  °F. 
396°  F. 
19.8 

2484°  F. 
630°  F. 
17.5 

Temperature  of  metal  

Percentage  of  heat  transmitted  to  water. 

The  temperature  of  the  metal  increased  234°  and  the  evaporative 
power  of  the  tubes  was  reduced  11.61  per  cent  due  to  the  scale. 

A  similar  laboratory  test  conducted  by  the  author  upon  a 
clean,  empty  4-inch  boiler  tube  and  upon  the  same  tube  coated  on 
its  inner  surface  with  a  thin  film  of  graphite  paint  showed  a  decrease 
in  the  transmission  of  heat  through  the  tube  of  9.0  per  cent  due 
to  the  graphite  paint.  An  increase  of  24.5  per  cent  in  the  tem- 
perature of  the  metal  was  necessary  in  order  to  give  the  same 
temperature  at  the  center  of  the  tube  as  that  obtained  at  the 
center  of  the  clean  tube.  Investigations  of  boiler  efficiency 
may  well  include  a  careful  inspection  of  the  inner  surfaces  of  the 
boiler  from  time  to  time. 

On  the  dry  side  of  the  heating  surface  investigation  should 
determine  the  efficiency  of  the  flue-blowing  apparatus  which 
is  supposed  to  keep  the  soot  and  fly-ash  removed  from  the  top 
of  the  tubes-  These  substances  are  very  effective  in  lowering 
the  heat-absorbing  ability  of  a  boiler.  Equally  effective  as  a 
heat  insulator  is  an  accumulation  of  slag  upon  the  bottom  of  the 
tubes  nearest  the  fire. 

An  interesting  method  of  testing  for  circulation  of  water 
in  a  boiler  has  been  devised  and  used  in  connection  with  tests 
by  the  United  States  Geological  Survey  in  their  boiler  investiga- 
tions during  the  World's  Fair  in  St.  Louis  (Bulletin  No.  325). 
This  consists  of  a  small  copper  shaft  carried  through  a  gland  in  a 
hand-hole  plate,  across  the  water  leg  and  into  the  boiler  tube. 
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On  the  inner  end  of  the  shaft,  Fig.  21.  a  small  propeller  is  mounted 
which  is  caused  to  revolve  by  the  water  as  it  circulates  in  the 
tube.  Each  revolution  of  the  indicator  makes  an  electric  con- 
tact on  a  small  glass  drum  mounted  on  the  shaft  and  this  is 
made  to  energize  the  receiver  of  a  telephone  instrument.  By 
counting  the  revolutions  of  this  instrument  under  a  great  variety 
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FIG.  21. — U.  S.  Government  Boiler  Circulation  Indicators. 

of  boiler-operating  conditions  they  have  established  the  interest- 
ing fact  that  the  circulation  of  water  in  a  boiler  does  not  increase 
in  proportion  to  an  increase  in  capacity.  Consequently  at  the 
higher  capacities  the  temperature  of  the  heating  surfaces  is  higher 
because  of  being  covered  to  a  greater  extent  with  steam  bubbles. 
The  effective  heating  surface  is  thus  diminished  and  the  available 
heat  for  the  boiler  (and  consequently  the  overall  efficiency)  is 
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From  the  above  it  is  evident  that  the  importance  of  good 
circulation  is  great  especially  in  boilers  which  are  to  be  operated 
steadily  above  their  rating  and  where  the  disengagement  of 
the  steam  from  the  water  surrounding  it  must  be  rapid.  Poor 
circulation  within  a  boiler  doubtless  has  as  great  an  effect  in 
reducing  boiler  efficiency  as  has  the  inefficient  circulation  of 
gases  on  the  outside  of  the  tubes. 
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CHAPTER  III 

METHODS  OF  TREATING  AND  TESTING  WATER 
FOR  BOILER  FEED  PURPOSES 

IN  every  steam-power  plant  the  quality  of  the  water  which 
is  to  be  evaporated  has  an  important  bearing  upon  economical 
operation.  A  perfect  boiler  feed-water  should  be  clear  and  free 
from  scale-forming  matter,  should  not  contain  acids  or  alkalies 
of  such  strength  as  to  cause  pitting  or  corrosion,  nor  should  it 
have  an  excess  of  any  substance  which  by  concentration  will 
cause  priming  or  foaming.  The  amount  of  the  impurities  which 
a  water  contains  determines  its  fitness  for  making  steam. 

Dissolved  Impurities.  The  solids  which  exist  in  solution 
in  a  raw  water  are  the  ones  which  most  concern  the  power-station 
engineer.  The  amount  and  quality  of  these  and  the  success 
with  which  they  may  be  removed  before  the  water  is  put  into 
the  boilers  determines  how  much  scale  will  be  deposited  upon 
evaporation.  The  soluble  solids  which  make  up  "  hardness " 
in  water  are  mainly  compounds  of  lime  and  magnesium.  These 
two  elements  in  the  form  of  carbonates  and  sulphates  are  a  large 
part  of  the  mineral  matter  which  composes  the  beds  of  rivers 
and  creeks.  The  simple  chemical  reaction  by  which  carbon 
dioxide  (the  natural  product  of  all  animal  and  vegetable  life) 
unites  with  the  carbonates  of  the  rocks  forming  the  soluble 
bicarbonates  is  expressed  thus: 

CaCO3+CO2+H2O  =  CaH2(CO3)2 

a  similar  reaction  taking  place  with  the  magnesium  carbonate. 
Bicarbonate  of  lime,  CaHaCCOata  if  brought  into  a  boiler  with 
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the  water,  gives  up  its  carbon  dioxide  on  boiling  and  precipitates 
out  as  carbonate,  CaCOa,  forming  scale.  Scale  formed  from  car- 
bonate, however,  is  porous  and  rather  soft  and  unless  present 
in  large  quantities  is  not  particularly  detrimental.  The  bicar- 
bonate of  magnesium,  MgH2(C03)2,  on  losing  its  CC>2  becomes 
magnesium  hydrate,  Mg(OH)2,  and  settles  out  slowly,  forming 
a  somewhat  more  compact  scale  than  the  calcium  carbonate. 
Sulphate  of  lime,  CaSCU,  commercially  known  as  "Plaster 
of  Paris,"  is  the  most  objectionable  of  all  the  scale-forming 
elements  which  a  boiler  water  may  contain  for  the  reason  that 
it  precipitates  readily  and  forms  a  very  hard  and  impervious 
scale.  At  ordinary  temperatures  sulphate  of  lime  is  quite 
soluble  in  water,  Table  XII,  but  its  solubility  decreases  rapidly 
as  the  temperature  is  increased  until  at  about  300°  F.  it  no  longer 
remains  in  solution,  but  separates  out  in  long  needle-like  crystals 
which  cement  themselves  together,  forming  a  very  hard  scale. 

TABLE  XII 

SOLUBILITY  OF  CALCIUM  SULPHATE  ' 
32  degrees 120    grains  per  gallon. 


68 
122 
158 
212 
240 
250 


141 
147 
142 
127 
10.5 
9.0 


250-302 Practically  insoluble 

1  A.  A.  Gary,  Engineering  Magazine,  1897. 

This  sulphate  occurs  in  many  river  waters  and  sometimes  in 
large  quantities. 

Magnesium  sulphate,  MgS(>4,  also  occurs  in  river  waters 
and  is  also  objectionable  in  that  it  deposits  and  forms  hard  scale, 
though  not  of  such  hardness  as  the  scale  from  sulphate  of  lime. 
Chloridesof  lime  and  magnesium  and  also  of  sodium  and  potassium 
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are  usually  present  to  a  greater  or  less  degree  in  river  waters. 
Chloride  of  magnesium,  MgCl,  changes  to  hydroxide  in  a  boiler 
and  precipitates  out,  forming  an  objectionable  scale  because  of  its 
cementing  properties.  The  chlorides  of  lime,  sodium  and  potas- 
sium remain  in  solution  in  the  boiler  and  do  not  form  scale  but 
may,  if  allowed  to  concentrate  sufficiently,  cause  foaming. 

TABLE  XIII 
SOLUBILITY  OF  SODIUM  CHLORIDE  > 

32  degrees 20,849  grains  per  gallon 

68  21,014 

122  21,598 

167  22,182 

194  22,767 

220  23,349 

239  23,640 

1A.  A.  Cary,  Engineering  Magazine,  1897. 

The  objectionable  compounds  which  a  feed-water  may  hold 
in  solution  are  thus: 

Total  Alk    (  Calcium  bicarbonate Ca(HCOi)i 

T      .  'I  Magnesium  bicarbonate Mg(HCOi)j 

*ot*  r  Calcium  sulphate CaSO4 

18  I  Incrustants  |  Magnesium  sulphate MgSO4 


Magnesium  chloride MgCl 

The  entire  amount  of  these  make  up  what  is  known  as  the  Total 
Hardness  of  the  water.  The  first  two  of  the  items,  bicarbonates 
of  lime  and  magnesium,  are  the  acid  carbonates  and  make  up 
what  is  called  the  Total  Alkalinity  of  the  water.  This  is  also 
called  the  Temporary  Hardness,  since  the  acid  carbonates  may  be 
removed  from  the  water  by  boiling.  The  last  three  of  the  items, 
the  sulphates  and  magnesium  chloride,  are  called  the  Permanent 
Hardness  or  Incrustants. 

One  titration  to  give  the  total  alkalinity  of  the  water  along 
with  a  determination  of  the  total  hardness  will  give  the  entire 
information  needed  for  the  treatment  of  an  alkaline  water. 
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Total  Alkalinity 

One  hundred  cubic  centimeters  of  the  water,  Fig.  22,  filtered  to 
remove  turbidity,  is  placed  in  a  150  c.c.  glass  beaker  and  one  drop  of  a 
solution  of  methyl-orange  added  (1  gram  methyl-orange  per  liter  dig- 


Qtffi) 


FIG.  22. — 100  c.c.  FIG.  23. — Squibbs  Automatic 

Pipette.  Burette. 

tilled  water).  One-fiftieth  normal  sulphuric  acid,  N/50  HiSO*,  is  now 
dropped  into  the  water  from  a  burette  (preferably  Squibb's  automatic, 
Fig.  23),  with  constant  stirring  until  the  faint  yellow  color  of  the  methyl- 
orange  begins  to  change  to  red.  Each  cubic  centimeter  of  the  acid 
used  equals  10  parts  per  million  of  total  alkalinity.  The  result  is  the 
total  amount  of  both  carbonates  and  bicarbonates  in  the  water. 
NOTE.  Normal  acid  may  be  purchased  and  diluted  for  use. 
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Total  Hardness 

In  a  450  c.c.  Jena  Erlenmeyer  flask,  Fig.  24,  take  200  c.c.  of  the 
water  to  be  tested  and  neutralize  it  with  fiftieth  normal  sulphuric  acid, 
using  methyl-orange  as  in  the  alkalinity  determination.  Evaporate 
down  to  about  100  c.c.  and  add  25  c.c.  of  soda  reagent  (see  note). 
Evaporate  again  to  about  100  c.c.  and  cool.  Now  make 
up  to  exactly  200  c.c.  with  freshly  boiled  distilled  water. 
Shake  thoroughly.  Wash  a  filter  paper  with  the  first 
50  c.c.  of  this  and  throw  away  the  filtrate  (on  account 
of  any  acidity  which  the  paper  might  have).  Now  filter 
the  remainder  through  the  paper  and  take  100  c.c.  in  a 
beaker.  Add  a  drop  of  methyl-orange  and  titrate  with 
1/20  normal  sulphuric  acid  until  the  faint  yellow  color 
begins  to  change  to  red.  Note  the  number  of  cubic  centi-  FIG.  24. — 450 
meters  of  the  acid  used.  (Call  this  "  n.")  Now  take  c.c.  Erlen- 
25  c.c.  of  the  soda  reagent  in  a  150  c.c.  beaker,  add  to  it  meyer  Flask, 
about  75  c.c.  of  distilled  water  and  a  drop  of  methyl- 
orange  and  determine  the  number  of  cubic  centimeters  of  1/20  normal 
acid  required  to  exactly  neutralize  it.  (Call  this  "  s.")  Now  12.5  (s  — 2n) 
equals  the  parts  per  million  of  calcium  carbonate  equivalent  to  the 
total  hardness  of  the  water. 

NOTE.  Prepare  "Soda  Reagent  "  as  follows:  Mix  equal  parts  of  one- 
tenth  normal  sodium  carbonate,  N/10  Na^COs,  and  one-tenth  normal 
sodium  hydroxide,  N/10  NaOH.  The  normal  sodium  carbonate  is  pre- 
pared by  dissolving  53  grams  of  the  pure  alkali  in  1000  c.c.  of  distilled 
water.  The  normal  sodium  hydroxide  is  prepared  by  dissolving  40  grams 
of  the  pure  chemical  in  1000  c.c.  distilled  water. 


Value  of  a  Degree  of  Hardness 

German.  One  part  CaO  in  100,000  parts  of  water  or  one  milligram 
of  CaO  in  100  c.c.  of  water. 

English.  One  part  CaCOi  in  70,000  parts  water  or  one  grain  per 
gallon  of  CaCO,. 

French.    One  part  CaCO,  in  100.000  parts  of  water. 

The  various  degrees  therefore  stand  to  each  other  thus: 

German.  French.  English. 

0.66  1.00  0.70 
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Knowing  the  alkalinity  and  total  hardness  the  amount  of 
incrustants  may  be  determined  by  subtracting  the  alkalinity 
from  the  total  hardness. 

Suspended  Impurities.  The  amount  and  nature  of  the 
suspended  impurities  are  readily  indicated  by  means  of  two  instru- 
ments designed  for  the  United  States  Geological  Survey.  The  tur- 
bidity scale,  Fig.  25,  indicates  the  degree  of  turbidity — by  which 
is  meant  the  amount  of  mud  and  silt  in  suspension  in  the  water. 


.Ill 

fS\ 

UJ 

••• 

FIG.  25.— Turbidity  Meter.    U.  S.  Standard. 

This  is  measured  by  the  distance  a  small  platinum  needle  may  be 
seen  beneath  the  surface  of  the  water  as  viewed  from  a  given 
point,  and  indicates  the  parts  per  million  of  suspended  matter 
in  the  water.  The  instrument  is  of  great  value  in  power  stations 
or  municipal  water  plants  where  turbid  water  is  being  clarified 
and  softened  for  boiler  use  or  drinking.  The  daily  measurements 
of  turbidity  give  a  reliable  index  of  the  amount  of  coagulant 
necessary  for  properly  clarifying  the  water. 

The  United  States  Geological  Survey  standard  color  tubes 
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and  discs,  Fig.  26,  give  an  indication  of  the  amount  of  organic 
matter  which  the  water  holds  in  suspension.  The  principle 
of  this  method  of  measurement  is 
that  of  comparing  the  color  of  the 
water  with  the  color  of  standard  discs 

of   amber-colored  glass  whose  grada-     L*^j ^ 

tions    in    color   correspond    with    the     ^_, « 

color  of  standard  solutions  of  platinum     LRJ tl 

and  cobalt.     In  the  case  of  river  water       ^^ _. 

the  amount  of  organic  matter  varies     LEIJIJ- *-* 

considerably  throughout  the  different 
seasons  of  the  year  and  a  knowledge  of 

its  amount  is  desirable  if  proper  treat-    ¥m^-~  J-8.  G.  S.  Standard 

. ,  Color  Tubes  and  Discs, 

ment  is  to  be  given  the  water. 

Permanganate  Method  of  Determining  Organic  Matter. 
The  laboratory  method  for  determining  organic  matter  con- 
sists in  determining  the  amount  of  potassium  permanganate 
required  for  its  oxidation.  This  is  done  as  follows: 

Place  100  c.c.  of  the  water  in  a  flask  and  add  10  c.c.  sulphuric  acid 
(diluted  1  part  of  concentrated  acid  to  3  parts  distilled  water).  Solu- 
tion of  potassium  permanganate  (.3953  gram  of  the  pure  salt  per  liter 
of  water)  is  now  introduced  from  a  graduated  burette  until  the  water 
assumes  a  faint  pink  color.  It  is  then  boiled  for  about  five  minutes 
and,  if  the  color  fades,  more  of  the  permanganate  is  added  until  a  faint 
permanent  pink  color  appears.  If  brown  flakes  appear  in  the  water 
more  of  the  dilute  H2S04  must  be  added.  The  exact  number  of  cubic 
centimeters  of  the  permanganate  is  noted.  Each  cubic  centimeter 
contains  .0001  gram  of  available  oxygen.  The  result  is  stated  in  parts 
of  oxygen  required  per  million  parts  of  water;  thus  if  20  c.c.  of  the  per- 
manganate solution  were  used  for  100  c.c.  of  water,  this  would  be  equiva- 
lent to  .020  gram  oxygen  per  1000  c.c.  water  or  20  parts  of  oxygen  per 
million  parts  of  water. 

This  method  is  subject  to  some  error  in  that  any  other  oxidiz- 
able  substance  in  the  water  aside  from  the  organic  matter  would 
also  be  oxidized  by  the  process.  It  is,  however,  entirely  suitable 
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for  all  boiler  water  determinations  and  is  an  excellent  method 
for  checking  the  concentration  of  carbonaceous  matter  at 
various  intervals  of  time  after  boiler  washings.  The  degree  of 
concentration  of  organic  matter,  in  the  case  of  some  waters,  will 
determine  the  length  of  time  a  boiler  can  be  run  between 
washings. 

Methods  of  Removing  Impurities.  Impurities  in  a  water 
desired  for  use  in  boilers  may  be  removed  by  one  or  more  of  the 
following  methods: 

1.  By  precipitation  and  coagulation  outside  of  the  boilers 
in   especially  arranged   settling   basins   or   purifying   apparatus 
supplemented  by  a  filter  bed. 

2.  By  precipitation  outside  of  the  boilers  in  feed-water  heaters. 

3.  By  precipitation  within  the  boilers. 

Water  which  contains  an  appreciable  amount  of  turbidity 
can  be  most  satisfactorily  and  efficiently  treated  by  the  method 
of  discharging  a  mixture  of  the  water  and  chemicals  into  two  or 
more  settling  basins.  In  the  case  of  water  which  has  little  or 
no  turbidity  and  where  the  amount  necessary  for  use  is  not  pro- 
hibitive, a  water-softening  system  such  as  the  Reisert,  Kennicott, 
or  Buda  is  very  effective.  Water  which  contains  impurities 
mostly  in  the  bicarbonate  form,  i.e.,  low  in  total  hardness  and 
high  in  alkalinity,  can  be  freed  from  a  large  percentage  of 
these  by  being  passed  through  feed-water  heaters  where  the 
impurities  are  precipitated.  The  other  method  of  introduc- 
ing chemicals  such  as  calcium  hydrate,  barium  hydrate,  tri- 
sodium  phosphate  or  soda  ash  directly  into  the  boiler  with  the 
untreated  water  causes  a  precipitation  of  both  impurities  and 
chemicals  in  large  amounts  and  is  not  satisfactory  because  of 
the  great  waste  of  heat  and  of  water  in  the  frequent  blowing 
down  of  the  boiler  which  is  made  necessary,  and  the  liability 
to  excessive  concentration  of  substances  which  will  remain  in 
solution  and  cause  foaming.  The  scale  formed  from  such  treat- 
ment is  also  sure  to  be  heavy  and  troublesome. 
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Precipitation  Outside  the  Boiler — Turbid  Waters.  The  method 
of  removing  impurities  before  the  water  reaches  the  boiler  is 
the  only  entirely  successful  method  and  is  the  one  in  general  use. 
A  typical  system  for  treating  water  which  has  both  turbidity 
and  hardness  is  outlined  in  Fig.  27.  This  consists  essentially 
of  a  series  of  settling  basins  into  the  first  of  which  is  delivered 
the  raw  water  mixed  with  the  proper  .amounts  of  chemicals. 
The  coagulation  and  sedimentation  take  place  in  the  first  three 
basins,  and  the  excelsior  filters  shown  in  basins  number  four 
and  five  serve  to  free  the  clarified  water  from  any  remaining 
turbidity.  The  remaining  basins  in  the  series  serve  as  storage 
reservoirs. 

The  arrangement  of  the  mixing  room,  in  which  the  chemicals 
are  made  up  to  a  standard  strength  and  where  these  solutions 
are  apportioned  to  the  water,  is  shown  in  Fig.  28.  Both  milk 
of  lime  and  sulphate  of  iron  are  made  up  in  uniform  solutions 
of  6000  grains  per  gallon.  These  solutions  are  then  measured 
into  the  vertical  charging  tanks,  in  amounts  varying  with  the 
changing  quality  of  raw  water,  and  are  there  diluted  to  such 
an  amount  as  will  flow  through  calibrated  orifices  into  the  dilut- 
ing tanks  below  in  exactly  fifteen  minutes.  A  small  amount 
of  the  raw  water  is  caused  to  flow  into  these  diluting  tanks  which 
causes  the  weakened  solutions  to  overflow  into  the  main  mixing 
box.  From  the  mixing  box  the  water,  now  thoroughly  mixed 
with  chemical,  is  delivered  to  the  trough  leading  to  the  first 
settling  basin  in  which  a  large  percentage  of  the  sedimenta- 
tion occurs. 

A  charge  of  soda  ash  is  applied  in  a  similar  manner  in  the 
third  basin  after  the  reactions  due  to  the  other  chemicals  have 
been  completed  and  the  sedimentation  nearly  complete. 

The  amount  of  raw  water  flowing  is  indicated  by  means  of 
a  calibrated  Pilot  tube  which  indicates  and  also  records  the 
velocity  of  flow  in  inches  of  water  pressure. 

The  chemicals  necessary  for  the  treatment  are : 
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Calcium  hydrate,  Ca(OH)2,  (lime  slacked  in  water). 

Sulphate  of  iron,  FeSO4. 

Sodium  carbonate,  Na2COs,  (soda  ash). 

Sodium  hydrate  or  barium  hydrate  are  sometimes  used  in  con- 
nection with  lime  where  the  raw  water  is  found  to  be  high  in 
sulphate.  The  function  of  the  lime  (commonly  called  "  Milk 
of  Lime  ")  is  to  unite  with  the  soluble  bicarbonates  in  the  water 
precipitating  them  as  carbonates.  The  reaction  is  expressed 
thus: 

Ca(HC03)2+Ca(OH)2  =  2CaCO3+2H2O 
Mg(HCO3)2+2Ca(OH)2  =  Mg(OH)2+2CaCO3+2H2O. 

1  he  function  of  the  sulphate  of  iron  is  in  the  formation  of  ferric 
hydrate  in  the  water  which  forms  a  heavy  flocculent  precipitate 
and  settles  out  rapidly,  entraining  the  particles  of  suspended, 
matter  and  carrying  them  down  with  it.  The  soda  ash  along 
with  any  sulphates  which  may  be  present  goes  on  into  the  boilers 
where,  under  the  action  of  the  heat,  the  sulphates  combine  with 
the  sodium,  forming  soluble  sodium  sulphate,  while  the  carbonate 
of  the  soda  ash  goes  over  to  calcium  or  magnesium,  forming 
magnesium  and  calcium  carbonates. 

In  determining  the  necessary  amount  of  chemicals  to  be 
mixed  with  the  raw  water,  the  total  alkalinity  and  the  calcium 
content  must  be  known.  A  portion  of  the  water  is  first  filtered 
out  and  its  alkalinity  determined  as  already  described.  The 
amount  of  calcium  which  the  water  contains  is  determined  by 
the  following  method: 

Calcium  Content.  Take  200  c.c.  of  the  water  and  add  to  it 
about  1  c.c.  of  twice  normal  (2N)  hydrochloric  acid;  evaporate 
to  50  c.c.  then  add  an  excess  of  ammonium  hydroxide  (NEUQH) 
and  2  c.c.  of  a  saturated  solution  of  ammonium  oxalate.  Put 
on  water  bath  for  an  hour,  or  until  the  precipitate  has  thoroughly 
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settled  out;  filter  off  the  precipitate,  rinsing  the  flask  well  (5 
times),  rinse  also  on  the  filter  5  times  (filtrate  and  wash  not  to 
exceed  100  c.c.).  Now  punch  hole  in  filter  and  rinse  precipitate 
into  a  flask  with  a  few  drops  of  hydrochloric  acid  (dilute  concen- 
trated acid  with  5  parts  of  water)  and  hot  water;  add  5  c.c.  of 
concentrated  sulphuric  acid  and  a  few  crystals  of  manganese 
sulphate  (the  manganese  sulphate  keeps  the  hydrochloric  acid 
from  reacting  with  the  potassium  permanganate).  Now  drop 
from  a  burette  the  following  solution  of  potassium  permanganate, 
noting  the  number  of  cubic  centimeters  required  to  produce  a 
permanent  but  faint  pink  color. 

(4  grams  of  potassium  permanganate  crystals  are  dissolved 
in  1000  c.c.  distilled  water.  This  strong  solution  is  then  diluted 
1  to  10  and  used  for  this  calcium  determination.) 

1  c.c.  of  the  potassium  permanganate  solution  equals  .0001 
gram  oxygen,  equals  .00025  gram  calcium. 

The  number  of  cubic  centimeters  of  the  permanganate  solu- 
tion divided  by  4  equals  the  calcium  in  milligrams  in  the  quantity 
of  the  water  used.  Then 

200  c.c.  X  5         200 

— j—    -  or  — £-  gives  parts  per  million. 

For  example,  if  the  titration  required  32.1  c.c.  of  permanganate 

32  1 

j-=  40.1  parts  per  million  of  calcium  in  the  water 

.5 

=  100  parts  per  million  CaCOs  in  the  water. 

Determination  of  Lime  Charge 

The  number  of  grains  per  gallon  of  lime  to  be  put  into  the  water 
at  any  given  time  will  depend  upon  the  total  alkalinity  of  the  water 
to  be  treated  and  its  calcium  content.  The  rule  is  this:  *  From  twice 
the  total  alkalinity  (in  parts  per  million)  subtract  the  calcium  content, 

*  See  also  Wehrenfennig,  "Analysis  and  Softening  of  Boiler  Feed  Water." 
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in  terms  of  CaCOj.  This  result  will  be  in  the  same  ratio  to  the  amount 
of  lime  required  to  be  added  as  100  is  to  56.  For  example,  if  the  total 
alkalinity  of  a  raw  water  is  170  parts  per  million  and  its  calcium  content 
140  parts  per  million,  there  will  be  required 


(2  X  170)  -140  =200,  parts  per  million  CaCO,,  and          T  =T?T  =7r! 

Cat)       5o      CaU 

then  CaO  =  112  parts  per  million  =6.55  grains  per  gallon. 

As  lump  lime  seldom  contains  more  than  80  per  cent  CaO,  this  figure 
must  be  multiplied  by  1.25  to  determine  the  exact  amount  to  be  slacked 
for  charging 

6.55X1.25=8.19  grains  per  gallon. 

Determination  of  the  Sulphate  of  Iron  Charge 

The  determination  of  the  charge  of  sulphate  of  iron  is  dependent 
upon  the  local  conditions  under  which  the  softening  plant  is  being  operated. 
With  limited  capacity  of  basins  and  a  short  time  for  sedimentation 
to  take  place  a  heavier  charge  of  iron  sulphate  will  be  necessary  than 
where  large  basins  and  plenty  of  time  are  available.  In  general  a  part 
of  the  bicarbonate  in  the  raw  water  will  be  acted  upon  thus  by  the  iron 
sulphate, 

FeS04+7H20+CaH2(C03)J=FeH2(CO,)l+CaS04+7H,0, 

each  grain  of  the  FeSO<  uniting  with  3.496  grains  of  calcium,  hence  a 
water  containing  3.496  grains  per  gallon  of  calcium  would  seem  to  require 
1  grain  per  gallon  of  FeS04.  This  does  not  hold  true  in  all  cases,  how- 
ever, but  depends  upon  the  amount  and  quality  of  the  suspended  matter 
in  the  water  and  upon  the  local  conditions  of  the  plant. 

Determination  of  the  Charge  of  Soda  Ash 

The  charge  of  soda  ash  also  depends  more  upon  the  conditions  under 
which  the  boiler  plant  is  operated  than  upon  the  actual  amount  of  incrus- 
tants  which  the  water  contains.  Theoretically  enough  soda  ash  should 
be  introduced,  after  the  clarification  by  lime  and  sulphate  of  iron  and 
before  the  clarified  water  reaches  the  boiler,  to  react  with  the  incrustants 
in  the  clarified  water.  This  sodium  carbonate  will  then  find  its  way  to 
the  boilers,  where  it  will  be  changed  to  sodium  sulphate.  If  the  time 
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intervening  between  boiler  washouts  is  of  such  length  as  to  result  in 
high  concentration  of  sodium  sulphate  in  the  water,  then  the  amount 
of  soda  ash  which  the  water  would  seem  to  require  in  the  treatment 
cannot  be  added,  but  must  be  cut  down  to  such  a  point  as  will  allow  the 
boilers  to  run  their  proper  time  and  still  be  free  from  dangerous  con- 
centration. The  method  of  testing  for  this  concentration  of  sulphates 
and  chlorides  appears  on  pages  79  and  80. 

Summing  up  the  reactions  which  take  place  in  this  method 
of  treatment  there  is  present  in  the  raw  water: 

Bicarbonate  of  lime CaH2(CO3)2 

Bicarbonate  of  magnesia MgH2(CO3)2 

Sulphate  of  lime  and  magnesia,  some  free  CC>2  and 
other  metallic  and  organic  compounds. 

To  these  are  added 

Sulphate  of  iron FeSC>4 

Milk  of  lime Ca(OH)2 

Soda  ash Na2CO3 

the  reactions  being  as  follows: 

CaH2(CO3)2+7H2O+FeSO4  =  FeH2(CO3)2+CaSO4+7H2O 
and  the  milk  of  lime  acts  upon  the  FeH2(COs)2  thus: 

FeH2(CO3)2+2Ca(OH)2  =  Fe(OH)2+2CaCO3+2H2O 

This  ferrous  hydrate,  Fe(OH)2  remains  in  the  water  and  oxidizes 
to  ferric  hydrate  thus: 

2Fe(OH)2+H2O+O  =  Fe2(OH)6, 
then 

CaH2(C03)2+Ca(OH)2  =  2CaCO3+2H2O 

MgH2(CO3)2+2Ca(OH)2  =  Mg(OH)2+2CaCO3+2H2O. 
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The  normal  carbonate  of  lime,  CaCOs,  is  but  slightly  sol- 
uble in  water  and  crystallizes  about  the  particles  of  suspended 
matter  and  upon  the  flocculent  precipitate  from  the  ferric  hy- 


FIG.  29. — Kennicott  Water  Softener. 

drate.     These  tend  to  carry  down  the  whole  mass  of  suspended 
matter  and  rapidly  clarify  the  water. 

The  soda  ash  combines  with  the  sulphates  in  the  water  thus: 
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Non-turbid   Waters.     The   treatment    of   a   non-turbid    but 
hard  water  before  it  enters  the  boilers  is  merely  a  matter  of 


Fia.  30. — Buda  Continuous  Water-softening  System. 

softening  and  can  be  accomplished  readily  with  lime  and  soda 
ash  supplemented  by  a  filter.     For  this  purpose  settling  basins 
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or  tanks  may  be  used  as  in  the  case  of  turbid  waters,  or  if  the 


FIG.  31. — Motor-meter  for  Buda  System. 

amount  to  be  softened  is  not  prohibitive,  a  mechanical  water- 
softening  equipment  may  be  installed. 
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The  Kennicott  system  as  now  built  is  a  modification  of  the 
Reisert  system,  which  is  generally  used  in  Europe.  The  prin- 
ciple upon  which  these  systems  operate  is  to  mechanically  and 
automatically  feed  into  the  raw  water  proper  amounts  of  lime  and 
soda  ash.  The  lime  water  precipitates  the  bicarbonates  in  the 
raw  water  and  these  settle  out  in  the  tanks  as  carbonate  and  are 
drawn  off  from  the  bottom.  The  soda  ash  acts  to  reduce  the 
permanent  hardness  as  already  noted.  Fig.  29  is  a  cross-sectional 
elevation  of  the  Kennicott  Type  K  softener. 

The  Buda  continuous  system,  Fig.  30,  consists  primarily  of 
one  large  tank  with  one  or  more  compartments  for  the  separate 
introduction  and  reaction  of  the  different  chemical  reagents. 
The  inflowing  water  after  passing  through  a  motor-meter,  Fig. 
31  (which  operates  the  chemical  pump),  enters  the  first  com- 
partment where  the  first  reagent  is  admitted  and  where  thorough 
agitation  takes  place.  From  this  compartment  the  water  passes 
to  compartment  No.  2,  where  it  is  again  agitated  after  the 
introduction  of  the  second  reagent.  After  being  thoroughly 
treated  by  the  different  chemicals  the  water  enters  the  main 
compartment.  This  compartment  is  provided  with  a  baffle 
plate  or  diaphragm  which  causes  the  water  to  flow  down  on  one 
side  and  up  on  the  other,  precipitating  all  of  its  impurities  in  this 
settling  chamber.  The  discharge  of  the  purified  water  is  from 
the  top  of  the  tank. 

The  Reisert  Lime-barium  Process.  For  water  containing 
large  amounts  of  sulphate  of  lime  and  magnesium  the  lime-bar- 
ium process,  worked  out  by  Hans  Reisert,  is  reported  as  giving 
better  results  than  the  lime-soda  process.  In  this  process  all 
of  the  sulphate  is  removed  from  the  water  whereas  in  the  lime- 
soda  process,  Fig.  32,  the  sulphate  goes  on  into  the  boiler  in  the 
form  of  sodium  sulphate.  The  construction  features  of  the 
apparatus  for  this  process,  Fig.  33,  are  somewhat  similar  to  those 
used  for  the  lime-soda  process,  also  built  by  the  Reisert  Automatic 
Water  Purifying  Co.,  of  New  York. 
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Fid.  32  — Reisert  Water  Softener. 
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Fro.  33. — Reiser!  Automatic  Lime-Barium  System. 
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Testing  for  Purity  of  Treated  Water.  In  testing  for  the 
quality  of  the  water  after  its  clarification  and  softening  a  slightly 
different  method  is  used  in  the  alkalinity  determination.  This 
consists  in  titrating  with  two  indicators  as  follows: 

One  hundred  cubic  centimeters  of  the  purified  water  is  taken  and  a 
few  drops  of  phenolphthalein  added.  (Prepared  by  dissolving  2  grams 
of  the  powder  in  a  liter  of  95  per  cent  grain  alcohol.)  If  there  is  any 
free  carbon  dioxide  or  acid  in  the  water  the  phenolphthalein  will  remain 
colorless  when  put  into  it.  However,  if  there  is  the  faintest  trace  of 
alkali  the  indicator  will  change  its  color  to  a  purplish  red.  Fiftieth 
normal  sulphuric  acid  (N/50  HjSO*),  is  now  added  until  the  blue  color 
disappears,  and  the  amount  noted.  One  drop  of  the  methyl-orange 
indicator,  see  page  56,  is  then  added  and  more  of  the  acid  introduced 
until  the  first  permanent  red  color  develops,  and  the  burette  again  read. 

The  number  of  1/10  c.c.  of  the  acid  used  in  destroying  the  blue  color 
from  the  phenolphthalein  is  one-half  of  the  number  of  parts  per  million 
of  the  normal  carbonate  alkalinity  (CaC03)  in  the  water  and  is  usually 
referred  to  as  "  alkalinity."  The  number  of  1/10  c.c.  required  to  bring 
about  the  red  acid  color  of  the  methyl-orange  is  the  number  of  parts 
per  million  of  all  of  the  alkali  in  the  water  and  is  referred  to  as  the  "  total 
alkalinity."  The  "  alkalinity "  multiplied  by  two  gives  the  normal 
carbonate  alkalinity  and  this  product  when  subtracted  from  the  "  total 
alkalinity  "  gives  the  amount  of  bicarbonate  or  caustic  alkalinity — 
bicarbonate  when  the  result  is  positive  (+)  and  caustic  when  the  result 
is  negative  (— ). 

It  follows  then  that  if  no  bicarbonates  remain  in  the  water  nor  has 
the  charge  of  lime  been  too  strong  and  left  an  excess  of  the  caustic  lime, 
Ca(OH)»,  the  reaction  to  methyl-orange  will  be  exactly  twice  that  to 
phenolphthalein.  If,  however,  the  water  still  contains  some  alkali 
in  the  bicarbonate  form,  say  Ca(HC03)2,  the  reaction  with  methyl- 
orange  will  be  more  than  twice  that  with  the  phenolphthalein  and  there 
is  not  sufficient  lime  being  used  in  the  treatment. 

Taking  a  specific  example:  If  the  reaction  to  phenolphthalein 
showed  1.4  c.c.  N/50  H^O4  and  to  methyl-orange  4.2  c.c.,  the  result 
would  be  written  down  thus: 

Alkalinity        Total  Alkalinity         Normal  Garb.  Bicarbonate 

by  phenol       by  methyl-orange          Alkalinity  Alkalinity 

14  42  28  +14 
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and  since  the  bicarbonate  alkalinity  is  the  form  in  which  the  alkali 
exists  in  the  untreated  water,  this  shows  that  more  lime  should  be  used 
in  the  treatment.  On  the  other  hand  if  the  titration  with  the  two 
indicators  resulted  as  follows: 

Alkalinity        Total  Alkalinity          Normal  Garb.  Caustic 

by  phenol       by  methyl-orange  Alkalinity  Alkalinity 

14  22  28  -6 

this  would  show  that  there  exists  some  excess  caustic  in  the  water  and 
the  charge  of  lime  being  used  is  too  great.  The  proper  charge  would 
show  all  of  the  alkali  existing  as  carbonate  thus: 

Alkalinity       Total  Alkalinity          Normal  Carb.          Bicarbonate 
by  phenol       by  methyl-orange  Alkalinity         (or  Caustic)  Alk. 

14  28  28  ±0 

Calicum  carbonate  is  soluble  in  cold  water  to  the  extent  of  about 
17  parts  per  million,  therefore  the  normal  carbonate  alkalinity  in  the 
finished  water  as  shown  by  the  phenolphthalein  indicator  will  not  be 
lees  than  this  amount. 

In  addition  to  the  above  simple  test  for  the  efficiency  of  the 
treatment,  "  Total  Hardness  "  and  "  Calcium  "  determinations 
should  be  made  (pages  57  and  64),  and  the  amount  of  incrustants 
remaining  in  the  water  determined.  If  these  are  still  present 
the  charge  of  soda  ash  may  be  increased  if  operating  conditions 
in  the  boiler  plant  will  permit  of  a  higher  degree  of  concentration 
of  sodium  sulphate  and  chlorides. 

Precipitation  of  Impurities  in  Feed-water  Heaters.  The 
removal  of  impurities  from  a  boiler  feed-water  by  the  use  of 
feed-water  heaters  can  be  effective  only  in  removing  the  tem- 
porary hardness  from  the  water,  that  is,  the  scale-forming 
matter  in  the  water  which  is  present  in  the  bicarbonate  form. 
This  when  heated  to  the  boiling-point  gives  up  the  excess  of  car- 
bon dioxide,  and  the  carbonate  of  lime  and  magnesia  is  deposited. 
Other  scale-forming  matter  than  the  bicarbonate  will  not  be 
greatly  affected  by  the  action  of  the  heaters,  hence  the  system 
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only  partially  cares  for  the  scale-forming  impurities  at  best. 
Facilities  for  the  removal  from  the  heaters  of  the  deposits  formed 
by  means  of  catch  basins  and  filters  is  an  important  feature  of 
this  equipment  inasmuch  as  failure  to  remove  the  precipitated 
impurities  will  permit  them  to  be  carried  on  into  the  boilers  to  be 

precipitated  there  and  form  scale. 
The  open  feed-water  heater 
is  generally  considered  to  be 
better  for  its  softening  effect  on 
water  than  the  closed  heater,  in- 
asmuch as  the  heat  is  transmitted 
to  the  water  by  direct  contact 
with  the  steam  rather  than 
through  the  metal  of  the  tubes  as 
in  the  closed  heater.  The  steam 
from  which  the  heat  is  derived 
also,  upon  condensation,  supplies 
a  small  percentage  of  pure  water 
in  an  open  heater  and  betters 
the  quality  of  the  water.  Figs. 
34  and  35  show  the  arrangement 
of  the  Cochrane  and  Stilwell  open 
heaters.  Fig.  36  shows  the  stand- 
ard form  of  Hoppes  exhaust 
steam  feed-water  heater.  These 
are  typical  of  the  successful  open 
heater  for  this  use.- 

is    sometimes    used  for  the 


FIG.  34. — Cochrane  Open  Feed- 
water  Heater. 


Tri-sodium  phosphate, 
treatment  of  water  high  in  sulphate.  This  as  in  the  case  of  soda 
ash  is  put  directly  into  the  boiler  in  amounts  varying  with  the 
hardness  of  the  water.  The  action  of  the  chemical  upon  calcium 
sulphate  is  as  follows: 


2(Na3PO4)  +3CaSO4  = 
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The  sodium  sulphate,  Na2S(>4,  goes  into  solution  and  the  calcium 
phosphate,  Cas(P04)2,  precipitates  slowly,  but  does  not  form  a 


.    *  P— [run* 

,1      .     LJtUCT. 
^^^^^^^^     ? 


FIG.  35. — Stilwell  Open  Feed-water  Heater. 

hard  scale.    A  similar  reaction  would  occur  between  the  sodium 
phosphate  and  sulphate  of  magnesia. 
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There  are  many  boiler  compounds  on  the  market  guaranteed 
to  prevent  or  remove  scale.  They  are  as  a  rule  the  cause  of 
more  harm  than  good  for  the  following  reason:  The  chem- 
ical action  which  they  involve  within  the  boiler  will  be  the  cause 
(unless  under  very  definite  control)  of  one  or  more  of  the  fol- 
lowing results,  namely,  pitting  or  corrosion  of  the  inner  surfaces 
of  the  metal;  priming  from  too  great  concentration  of  impurities 
thrown  into  solution;  or  burning  of  tubes  by  the  loosening  of 
old  scale  and  its  accumulation  on  the  bottom  of  tubes  directly 


FIG.  36. — Hoppes  Open  Feed-water  Heater. 

over  the  hottest  part  of  the  fire.  These  are  all  objectionable 
features  and  unless  the  quality  and  amount  of  the  compound  are 
definitely  known  and  unless  there  are  those  substances  in  the 
boiler  water  in  proper  amounts  to  react  definitely  with  the  amount 
of  the  compound  used,  it  might  better  be  left  out  of  the  boiler. 
Tests  for  Concentration — Priming.  Almost  the  entire  amount 
of  calcium  sulphate  in  a  feed-water  will,  when  subjected  to  the 
temperature  of  the  boiler,  be  precipitated  and  either  settle  slowly 
to  the  lower  parts  of  the  boiler  or  gradually  adhere  to  the  inner 
surfaces  forming  scale.  The  question  as  to  how  completely  this 
sulphate  of  lime  may  be  changed  to  the  non-scale-forming 
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sulphate  of  soda  by  the  use  of  soda  ash  depends  upon  the  circum- 
stances under  which  the  particular  plant  is  being  operated. 
The  length  of  time  during  which  the  sulphates  and  chlorides  of 
soda  will  concentrate  to  such  an  extent  as  to  cause  the  boilers 
to  prime  or  foam  will  depend  first  upon  the  amount  of  water 
that  is  evaporated;  second,  upon  the  rate  at  which  the  boiler 
steams  under  normal  working  conditions;  third,  upon  the  amount 
of  water  blown  off,  and  other  conditions  of  operation.  These 
are  particular  conditions  which  will  not  be  the  same  for  any  two 
plants  nor  will  they  always  be  the  same  for  all  boilers  in  any  one 
plant.  In  other  words  the  amount  of  soda  ash  which  may  safely 
be  used  in  the  treatment  of  boiler  water  must  be  adjusted  to  the 
particular  conditions  of  the  boiler  plant  so  that  there  will  be  at  no 
time  an  over-concentration  of  the  chemical  in  the  water. 

There  are  three  substances  in  particular  which  tend  to  cause 
foaming  by  their  concentration:  (a)  Sodium  sulphate,  (6) 
sodium  chloride  and  (c)  organic  matter.  The  amount  of  each 
of  these  may  be  determined  by  test  as  follows,  and  to  a  large 
extent  may  be  regulated. 

(a)  Determination  of  Sulphate.  A  sample  of  the  water  from  the  boiler 
should  first  be  drawn  off  and  allowed  to  cool,  then  filtered.  500  c.c.  is 
then  taken  and  tested  for  sulphate  as  follows: 

Boil  the  sample  down  to  100  c.c.  and  add  three  drops  of  hydrochloric 
acid.  Now  add  about  10  c.c.  of  5  per  cent  barium  chloride  solution — 
this  precipitates  the  sulphate.  Allow  the  flask  to  stand  for  about  one 
hour  on  a  water  bath  until  the  precipitate  has  settled  out  well,  then  filter 
and  wash  the  precipitate  with  hot  water.  Ignite  the  filter  in  a  weighed 
porcelain  crucible  and  weigh  as  barium  sulphate.  For  the  purpose 
of  the  test  this  sulphate  may  be  figured  as  sodium  sulphate,  thus: 
8  -BaS04X  .1374  and  Na^O4  -S  X4.43. 

(A  small  amount  of  calcium  and  magnesium  sulphate  will  be  present 
in  the  boiler  water,  but  will  be  of  such  a  small  percentage  that  it  may 
be  disregarded  in  this  test.) 

(6)  Determination  of  Chlorine.  The  amount  of  chlorides  in  the  boiler 
water  may  be  determined  by  the  use  of  the  following  method:  First 
make  up  a  silver  nitrate  solution  by  dissolving  5  grams  of  the  pure  crystals 
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of  silver  nitrate,  AgNOj,  in  1000  c.c.  distilled  water.  One  cubic  centi- 
meter of  this  solution  is  equivalent  to  .001  gram  chlorine. 

Evaporate  250  c.c.  of  the  water  to  be  tested  to  about  50  c.c.  in  a 
450  c.c.  flask.  Allow  to  cool.  Add  2  or  3  drops  of  a  saturated  solution 
of  potassium  chromate.  The  silver  nitrate  solution  is  now  dropped 
carefully  from  a  burette  until  a  faint  permanent  red  color  is  produced 
in  the  water.  This  point  indicates  that  all  of  the  chlorine  in  the  water 
has  combined  with  the  silver  and  that  any  additional  silver  solution 
added  forms  silver  chromate. 

In  this  test  if  250  c.c.  of  the  water  required  5  c.c.  of  the  silver  nitrate 
solution,  1000  c.c.  would  require  20  c.c.;  this  is  equivalent  to  0.020  gram 
of  chlorine  per  liter  or  20  parts  chlorine  per  million  parts  of  water.  If 
the  chlorine  is  found,  or  assumed,  to  be  combined  with  sodium,  the 
amount  of  the  sodium  chloride,  NaCl,  is  found  by  multiplying  the  amount 
of  chlorine  found  by  the  factor  1.6571. 

A  blank  determination  should  be  made  by  adding  2  or  3  drops  of  the 
potassium  chromate  solution  to  250  c.c.  of  distilled  water  and  then 
adding  the  silver  nitrate  solution  until  the  red  color  appears.  This 
volume  of  silver  nitrate  should  be  subtracted  from  the  amount  which 
is  found  to  be  necessary  for  the  boiler  water  being  tested. 

If  the  water  is  high  in  organic  matter  and  of  a  reddish  color,  this 
may  be  removed  before  starting  the  test  by  shaking  the  water  with 
aluminum  hydrate  and  filtering. 

If  the  concentration  of  the  combined  sulphates  and  chlorides  has 
reached  as  high  as  100  grains  per  gallon  the  boiler  should  be  blown 
down  hard  and  the  amount  of  soda  ash  in  the  treatment  be  immediately 
decreased  or  stopped  until  the  solutions  have  become  much  less  con- 
centrated. In  general  it  may  be  said  that  a  boiler  running  25  per 
cent  over  its  rating  will  prime  when  the  concentration  reaches  this 
amount. 

(c)  Determination  of  Organic  Matter.  The  degree  of  concentration 
of  organic  matter  in  the  water  may  be  determined  either  by  the  use  of 
the  color  discs  or  by  the  permanganate  of  potassium  method  described 
on  page  59.  Where  the  boiler  water  is  found  to  contain  a  considerable 
amount  of  sodium  chloride,  the  determination  of  organic  matter  by 
means  of  the  permanganate  method  must  be  corrected  by  means  of  a 
blank  test.  Sodium  chloride  is  added  to  distilled  water  until  the  same 
amount  of  chloride  is  present  as  was  found  to  be  in  the  water  under 
examination.  To  this  made-up  solution  the  permanganate  is  added 
until  the  pink  reaction  occurs.  The  amount  used  is  deducted  from  the 
amount  required  for  the  determination  on  the  boiler  water. 
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Organic  matter  in  water  may  be  due  to  sewage,  vegetation  or  other 
carbonaceous  material  that  finds  its  way  into  the  water.  These  tend 
to  form  a  scum  on  the  surface  of  the  boiler  water  and  increase  the 
danger  from  foaming.  For  waters  of  this  sort  mechanical  skimming 
devices  are  recommended  by  means  of  which  the  scum  which  rises  to 
the  surface  can  be  blown  out.  It  is  advisable,  however,  in  using  water 
of  this  sort,  to  blow  down  the  boilers  frequently  and  after  comparatively 
short  intervals  of  time  empty  the  boilers  and  refill  them  with  fresh 
water. 

The  Value  of  Blowing  off  in  Reducing  Concentration.  Fol- 
lowing are  the  results  of  two  tests  made  by  the  writer  for  the 
purpose  of  determining  the  effect  upon  concentration  of  blow- 
ing off  a  boiler.  The  boiler  was  a  508  horse-power  Babcock  & 
Wilcox  and  was  steaming  at  about  rating  when  the  samples 
were  taken.  The  samples  were  taken  at  a  point  a  little  above 
the  mud  drum.  The  reduction  in  the  water  level  at  the  time 
of  blowing  off  was  3  inches.  The  analyses  show  the  concentra- 
tion before  and  after  blowing  off: 


Grains  per  Gallon. 

Per  Cent 
Reduction. 

Before. 

After. 

Total  solids  in  suspension  .... 
Total  solids  in  solution  

23.10 
58.06 
17.95 
4.77 
6.09 
29.25 

16.67 
45.28 
14.21 
4.02 
4.73 
22.32 

27.83 
22.01 
20.83 
15.72 
22.33 
23.69 

Sodium  chloride  

Magnesium  sulphate  

Calcium  sulphate  

Sodium  sulphate  

Gravimetric  Method  of  Making  Complete  Test  of  Boiler 
Water.  Analyses  for  determining  the  amounts  of  the  scale- 
forming  elements  in  a  feed-water  by  means  of  precipitating  them 
out  and  weighing  each  element  by  itself  are  sometimes  more 
desirable  and  satisfactory  than  the  rapid  volumetric  methods 
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already  described.    The  operation  of  such  a  water  analysis  is  as 
follows:* 

TOTAL  SOLIDS 

Evaporate  2  liters  of  the  water  in  a  weighed  platinum  (or  porcelain) 
evaporating  dish  over  a  slow  flame.  When  reduced  to  about  10  or  15 
c.c.  remove  to  a  drying  oven  and  complete, the  evaporation  at  about 
215°  F.  Allow  dish  and  residue  to  remain  in  oven  for  i  hour  after  all 
water  seems  to  have  been  expelled.  Remove  to  desiccator,  cool  and 
weigh.  This  gives  the  total  solid  matter  in  the  water. 

ORGANIC  AND  COj 

Heat  the  evaporating  dish  and  contents  to  a  dull  red  heat  until  all 
carbonaceous  matter  has  been  consumed.  Cool  in  desiccator  and  weigh. 
The  loss  in  weight  is  the  organic  matter  and  carbon  dioxide. 

SILICA  AND  SOLUBLE  SULPHATES 

Treat  this  residue  (No.  1)  with  small  amounts  of  boiling  distilled  water 
— in  all  about  50  c.c. — at  the  same  time  bringing  it  onto  a  filter  paper. 
Allow  this  filtrate  to  drain  into  the  flask  and  to  this  filtrate  add  a  few 
drops  of  hydrochloric  acid  and  10  c.c.  of  a  solution  of  barium  chloride 
and  set  aside  for  an  hour,  then  filter  off  the  barium  sulphate,  wash  well 
with  water,  remove  to  a  porcelain  crucible,  dry,  ignite  and  weigh  as 
BaS04.  Figure  to  S03.  (This  is  the  amount  of  soluble  sulphate  in 
the  water.) 

The  original  residue  (No.  1)  is  now  washed  into  another  flask  by 
breaking  out  the  bottom  of  the  filter  with  a  glass  rod  and  using  about  50 
c.c.  of  dilute  HC1.  This  is  boiled  gently  then  filtered  into  a  100  c.c. 
flask.  Wash  residue  thoroughly,  remove  filter  and  residue  to  weighed 
porcelain  crucible  and  carefully  ignite.  Weigh  as  silicon  oxide  (Si02). 

SULPHUR  TRIOXIDE 

Now  fill  the  100  c.c.  flask  containing  the  filtrate  to  the  containing 
mark  with  distilled  water  and  mix  thoroughly.  25  c.c.  of  this  solution 
is  taken  and  warmed  with  a  few  drops  of  a  10  per  cent  solution  of  barium 
chloride  and  set  aside  for  2  hours,  after  which  the  barium  sulphate  is 
filtered  off,  washed,  ignited  and  weighed  and  the  weight  multiplied  by  4, 

*  See  also  Stillman's  "  Engineering  Chemistry." 
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then  the  amount  of  SOi  is  determined  by  multiplying  the  weight  thus 
found  by  the  factor  0.3435.    This  is  the  insoluble  sulphate  in  the  water. 

ALUMINUM  AND  IRON  OXIDE 

The  remaining  75  c.c.  of  the  filtrate  is  now  made  alkaline  with 
ammonium  hydroxide,  boiled  and  filtered  and  the  residue  washed  and 
weighed  as  AliOj  and  FeiOj.  Multiply  weight  by  4/3. 

CALCIUM  OXIDE 

To  the  hot  filtrate  from  the  AUOj  and  FejO»  is  now  added  10  c.c.  of  a 
solution  of  ammonium  oxalate.  Allow  to  stand  on  a  water  bath  2  hours, 
then  filter,  wash  and  ignite  the  precipitate  as  calcium  oxide  (CaO). 
Multiply  by  4/3.  * 

MAGNESIUM  AND  SODIUM  OXIDES 

Acidify  the  filtrate  from  the  CaO  with  dilute  sulphuric  acid;  evaporate 
to  dryness  in  a  weighed  dish  and  heat  over  a  Bunsen  burner  until  all 
ammonium  fumes  have  been  driven  off,  then  cool  and  weigh.  Multiply 
by  4/3.  This  gives  the  combined  weight  of  magnesium  and  sodium  as 
sulphates. 

Dissolve  this  residue  in  water,  acidify  with  a  few  drops  of  HC1, 
then  make  alkaline  with  NH<OH  and  add  with  constant  stirring  a  solu- 
tion of  sodium  phosphate  (NajHP04).  Allow  to  stand  20  minutes, 
then  filter,  wash  and  weigh  precipitate  as  magnesium  phosphate, 
MgjPjOr,  and  multiply  by  4/3.  Figure  from  this  the  equivalent  weight  of 
magnesium  sulphate  and  deduct  it  from  the  combined  weight  of  sodium 
and  magnesium  sulphate  found.  The  difference  will  be  the  sodium 
sulphate  in  the  water.  The  sulphates  are  then  calculated  to  magnesium 
and  sodium  oxides  (MgO  and  Na»0). 

CHLORINE 

To  determine  the  chlorine  in  combination  in  the  water  use  the  silver 
nitrate  method — boiling  down  250  c.c.  of  the  water  to  50  c.c.,  adding 
a  few  drops  of  potassium  chromate  and  titrate  with  AgNOj.  (See 
page  80.) 

CARBON  DIOXIDE 

The  amount  of  carbon  dioxide  is  determined  after  combining  the 
chlorine  and  SOj  with  the  CaO,  MgO,  Na*O,  and  is  the  amount  necessary 
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to  convert  the  calcium  and  magnesium  left  into  carbonates.  This  Cd 
subtracted  from  the  combined  volatile  and  C0»  as  first  determined  gives 
the  accurate  amount  of  organic  matter. 

Combination  of  the  Substances  to  the  Form  in  which 
they  Exist  in  the  Water 

The  substances  which  are  found  by  the  use  of  the  above  method  are : 
Organic  Matter;  Carbon  Dioxide;  Silicon  Oxide;  Iron  and  Aluminum 
Oxide;  Calcium  Oxide;  Magnesium  Oxide;  Sodium  Oxide;  Soluble  and 
Insoluble  Sulphur  Trioxide;  Chlorine.  Of  these  the  silicon  oxide, 
aluminum  and  iron  oxide,  and  the  organic  matter  exist  in  the  water  as 
measured.  The  other  substances  exist  in  combination  with  each  other. 
The  combinations  are  usually  made  as  follows: 

Chlorine  is  combined  with  sodium  as  sodium  chloride.  If  some 
chlorine  remains  it  is  combined  with  magnesium  as  magnesium  chloride. 

The  Sulphur  Trioxide  determined  as  insoluble  sulphate  is  combined 
with  the  calcium,  the  soluble  with  the  sodium,  and,  if  any  remains 
uncombined,  with  the  magnesium. 

The  Oxides  of  Calcium  and  Magnesium  remaining  uncombined  are 
united  with  carbon  dioxide,  forming  carbonates. 

An  analysis  of  a  water  high  in  sulphate  after  treatment  with  lime  and 
soda  ash  was  found  by  the  above  method  of  analysis  to  contain: 

Grains 

Parts  per  per  U.S. 

Million.  Gallon. 

SiO, 13.60  0.793 

A1,O,  and  Fe,O, 2.40  0. 140 

NaCl 33.01  1.926 

CaSO* 30.30  1.767 

NatSO4 119.50  6.973 

CaCO, 21.80  1.292 

MgCO, 73.65  4.297 

Organic 6.27  0.365 


Total 300.53  17.553 

Boiler  Scale.  The  quality  of  a  boiler  scale  will  very  fre- 
quently indicate  the  particular  sort  of  treatment  necessary  for 
the  water.  Scales  high  in  sulphates  of  lime  and  magnesia  are 
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very  hard  and  of  crystalline  structure,  while  those  high  in  car- 
bonates are  amorphous  and  soft.  Excess  of  the  sulphate  scale 
usually  indicates  too  little  soda  ash  in  the  treatment,  while  excess 
of  carbonate  scale  usually  indicates  too  little  lime  in  the  treatment. 
The  quality  and  quantity  of  the  scale  that  is  formed  in  a  given 
time,  however,  depends  upon  the  amount  of  water  that  has  been 
evaporated  and  the  frequency  of  washouts  and  blow  offs  and  other 
details  of  operation  independent  of  the  treatment  of  the  water. 

Analysis  of  Boiler  Scale 

The  method  for  a  rapid  analysis  of  a  scale  is  exactly  similar  to  that  of 
testing  the  residue  from  the  evaporation  of  a  water  sample,  page  82. 
The  sample  should  first  be  pulverized  in  a  mortar  and  passed  through  a 
100-mesh  sieve,  then  a  portion  weighed  out  and  dried  at  215°  F.  for 
one  hour.  This  loss  in  weight  gives  the  moisture.  The  sample  is  then 
heated  at  a  red  heat  until  all  carbonaceous  matter  and  CO»  are  removed 
and  the  analysis  continued  as  indicated  for  the  water  analysis. 

For  the  determination  of  the  amount  of  chlorine  combined  in  -he  scale 
a  separate  quantity  of  the  powdered  sample  is  weighed  out  and  treated 
with  boiling  water,  the  residue  filtered  off  and  the  filtrate  tested  for 
chlorine  as  before. 

The  scale  for  which  the  analysis  follows  was  taken  from  a  boiler 
supplied  with  treated  river  water.  The  sample  was  about  J  inch  thick 
and  had  formed  during  a  period  of  service  of  the  boiler  of  three 
months.  The  analysis  showed: 

;  Per  Cent. 

Organic  matter 5.28 

Silica 13.41 

Iron  and  aluminum  oxides 5.55 

Calcium  sulphate 65 . 15 

Calcium  carbonate 1 . 73 

Magnesium  carbonate 7 . 62 

Loss,  etc 1.26 


100. 

Another  somewhat  unusual  scale  from  a  marine  type  boiler  contained 
the  following: 


86 


TEST  METHODS   FOR  STEAM  POWER  PLANTS 


Per  Cent. 
0.33 
73 


Moisture 

Silica 1 

Iron  and  aluminum  oxides 2 . 26 

Calcium  sulphate 9 . 64 

Calcium  carbonate 1 . 09 

Calcium  hydrate 44 . 50 

Magnesium  hydrate 22 . 90 

Calcium  oxide.  .  17.65 


Error 


100.10 
.10 

100. 


A  sample  of  the  water  used  in  the  boiler  from  which  this  scale  was 


FIG.  37. — Arrangement  of  Apparatus  for  Determining  Water  of  Hydration 

in  Scale. 


taken  showed  about  18.5  grains  per  gallon  of  bicarbonate  alkali,  account- 
ing for  the  large  amount  of  scale  which  had  formed  in  the  boiler  in  a  very 
short  time. 

The  presence  of  caustic  lime  and  magnesia,  Ca(OH)2  and  Mg(OH)2, 
in  a  scale  made  from  water  high  in  bicarbonate  alkali  could  only  be  brought 
about  through  the  burning  out  of  the  carbonates  in  the  scale  after  being 
deposited  upon  the  iron  of  the  boiler.  Such  burning  would  immediately 
result  in  the  formation  of  oxides  of  lime  and  magnesia,  CaO  and  MgO, 
and  these,  on  coming  into  contact  with  the  water  again,  would  become 
caustic  alkalies,  Ca(OH)2  and  Mg(OH)j.  The  water  of  crystallization,  or 
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hydration,  in  the  sample  was  very  noticeable  and  amounted  to  16.32 
per  cent.  A  part  of  the  lime  still  remained  as  oxide,  showing  how 
highly  heated  the  scale  nearest  the  tubes  must  have  been. 

This  water  of  hydration  is  tested  for  and  measured  in  the  follow- 
ing manner: 

A  weighed  sample  of  the  powdered  scale  is  first  dried  at  215°  F., 
for  1  hour  in  the  drying  oven.  It  is  then  transferred  to  a  combustion 
tube,  Fig.  37,  and  the  tube  connected  to  a  U-tube  containing  fused  cal- 
cium chloride.  The  other  end  of  the  combustion  tube  is  connected  to  a 
series  of  bottles  containing  concentrated  sulphuric  acid,  as  shown  in  the 
sketch.  Perfectly  dry  air  is  now  drawn  through  the  whole  apparatus 
by  allowing  the  water  to  run  out  of  the  bottle  (B).  A  bunsen  burner 
is  now  applied  to  the  combustion  tube.  The  heat  drives  the  combined 
water  out  of  the  sample  and  it  is  absorbed  by  the  calcium  chloride  in  the 
U-tube.  After  several  minutes  of  thorough  heating  of  the  sample  in 
this  manner  the  U-tube  is  disconnected  and  weighed  and  its  weight 
compared  with  its  weight  previous  to  its  connection  with  the  com- 
bustion tube. 

Another  sample  of  scale  which  contained  hydrated  lime  was  found 
in  the  cooling  jackets  of  a  gas  engine  cylinder.  The  analysis  of  this 
scale  showed  it  to  contain  the  following: 

Per  Cent. 

Silica 1.70 

Oxides  of  iron  and  aluminum 3 . 20 

Carbonate  of  lime 79 . 30 

Sulphate  of  lime 11 .79 

Chloride  of  lime 0.24 

Hydrate  of  lime 4.27 


100.50 
Error,  etc.  0.50 


100. 

This  sample  averaged  about  J  inch  in  thickness,  was  hard  and  tough 
but  not  very  brittle.  The  top  part  of  the  scale,  which  was  farthest  from 
the  hot  metal,  was  composed  largely  of  carbonate  of  lime.  The  under 
side  was  composed  of  a  thin  layer  of  hydrated  lime  ^r  inch  thick  and  clearly 
different  from  the  other  (carbonate)  portion.  The  body  of  the  scale  was  of 
a  somewhat  crystalline  formation,  due  to  the  sulphate  of  lime  therein. 
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Losses  Due  to  Scale  and  Grease  in  Boiler  Tubes 

Methods  for  determining  the  loss  due  to  accumulations  of  scale  in 
a  boiler  involve  a  series  of  evaporative  tests  first  with  freshly  bored 
tubes  and  later  when  scale  has  accumulated. 

The  series  of  tests  reported  by  C.  E.  Stomeyer  and  W.  B.  Baron  in 
Engineering,  London,  Dec.  25,  1903,  referred  to  on  page  50,  Table  XI, 
shows  the  effect  of  scale  |  inch  thick  upon  the  temperature  of  the  iron  upon 
which  the  scale  has  formed.  These  results  were  obtained  from  tempera- 
ture measurements  within  the  furnace  and  upon  the  metal  exposed  to 
the  heat. 

These  figures  indicate  the  real  source  of  danger  which  is  connected 
with  boiler  scale,  namely,  the  degree  to  which  the  metal  may  heat 
up  due  to  the  scale  within. 

The  same  authors  refer  to  thin  films  of  "  grease  "  which  may  become 
attached  to  the  inner  surfaces  of  boilers  and  tubes  in  the  following 
words: 

"  The  peculiarity  of  grease  deposits  in  boilers  is  that  their  effect  is 
out  of  all  proportion  to  their  thickness.  Scale  f  inch  thick  will  raise  the 
temperature  of  the  tubes  about  300  degrees.  As  grease  offers  10  times 
more  resistance  to  heat,  one  would  expect  that  ^  inch  would  have  the  same 
effect  as  this  thickness  of  scale,  but  experience  shows  that  the  merest  trace 
of  grease,  certainly  less  than  nnre  inch  or  1/10  of  the  above,  can  cause 
far  more  serious  injury  than  scale.  Various  explanations  have  been 
attempted.  According  to  one  of  these,  thin  films  of  grease  form  tough 
bubbles  on  the  heating  surfaces  and  prevent  the  water  from  keeping 
it  cool.  Another  view  is  that  grease,  either  alone  or  joined  with  mineral 
matter,  forms  an  impalpable  powder  like  oxalate  of  lime  and  other  pre- 
cipitates, and  like  these  retards  ebullition.  In  support  of  these  views 
we  find  a  fairly  well-founded  belief  that  grease  in  boilers  is  more  injurious 
if  the  boilers  are  clean  than  if  they  are  coated  with  mineral  scales." 
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CHAPTER  IV 

EVAPORATIVE  TESTS   FOR   CAPACITY  AND 
EFFICIENCY 

THE  methods  outlined  in  Chapter  II  for  investigating  boiler 
and  furnace  economy  may  be  undertaken  to  best  advantage  in 
connection  with  complete  evaporative  boiler  tests.  The  object 
of  such  tests  is  to  determine  the  maximum  results  in  capacity 
and  efficiency  that  may  be  obtained  when  burning  a  certain 
grade  and  sizing  of  coal  under  a  fixed  set  of  conditions.  The 
essential  data  to  be  obtained  for  such  tests  is  as  follows: 

1.  Weight  of  water  evaporated  during  interval  of  test. 

2.  Weight  of  coal  burned  during  interval  of  test. 

3.  Moisture,  ash  and  heat  units  in  coal  as  fired. 

4.  Temperature  of  feed-water  entering  boiler. 

5.  Temperature,    pressure   and   quality   of   steam   leaving 

boiler.  * 

All  other  data  relative  to  combustion  and  to  furnace  and  heat- 
ing surface  economy  enters  in  as  a  record  of  conditions  existing 
during  the  time  of  operation  of  the  test  and  serves  in  the  determi- 
nation of  the  distribution  and  disposition  of  the  heat  generated. 

The  following  report  of  a  complete  evaporative  test  illus- 
trates the  manner  of  arranging  the  data  and  results  obtained. 
This  arrangement  is  a  combination  of  the  "  Complete  Form  " 
and  the  "  Short  Form  "  adopted  by  the  American  Society  of 
Mechanical  Engineers  in  the  Code  of  1899. 

Tables  XX  and  XXI  in  the  Appendix  show  the  form  of 
boiler  test  report  adopted  by  one  large  power  company  for  its 
particular  usage. 
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DATA  AND  RESULTS  OF  A  TYPICAL  BOILER  TEST 

The  boiler  test  here  reported  was  made  on  a  508  horse-power  water-tube 
boiler  equipped  with  chain  grate  stoker  and  superheater. 

The  feed-water  was  fed  to  the  boiler  through  an  injector  to  which  steam 
was  supplied  from  the  boiler  under  test. 

The  coal  burned  was  Carterville  (111.)  Nut  and  Pea. 

The  boiler  passes  are  vertical  and  three  in  number. 

The  furnace  is  of  the  "  Dutch-oven  "  type  having  a  flat  ignition  arch 
6  feet  long,  10  inches  high  at  the  front  and  27  inches  high  at  the  rear. 

The  boiler  tubes  are  4  inches  in  diameter  and  18  feet  long  and  are  inclined 
1J  inch  per  foot  from  the  horizontal. 

There  are  two  drums  each  34  J  inches  in  diameter  and  18  feet  long. 

The  object  of  the  test  was  to  determine  the  maximum  capacity  to  be  gotten 
from  the  boiler  while  operating  under  test  conditions. 

The  test  was  started  and  stopped  by  the  alternate  method,  the  fire  hav- 
ing been  brought  to  test  conditions  one  hour  before  the  start. 

Duration  of  trial 8  hours. 

DIMENSIONS  AND  PROPORTIONS 

Grate  surface,  length  10  feet,  width  10  feet 100  sq.  ft. 

Water  heating  surface  (including  superheater) 5280  sq.  ft. 

Ratio  grate  surface  to  heating  surface 52.8/1 

AVERAGE  PRESSURES 

Steam  pressure,  gauge 189.5 

Force  of  draft  between  boiler  and  breeching 1 . 25  ins.  water 

Force  of  draft  over  fire 0 . 60  in.  water 

Barometer,  29.69  inches  mercury 14 . 55  Ibs.  sq.  in. 

AVERAGE  TEMPERATURES 

External  air 60°  F. 

Boiler  room 78°  F. 

Steam  (before  reaching  superheater,  384.9) 474 . 9°  F. 

Feed-water  entering  boiler 60°  F. 

Escaping  gases  from  boiler 631°  F. 

FUEL 

Weight  of  coal  as  fired 37,200  Ibs. 

Percentage  of  moisture  in  coal 10.96 

Total  weight  of  dry  coal  supplied  to  boiler 33,123  Ibs. 

Total  aah  and  refuse,  dry 4,910  Iba. 

Total  combustible ' 28,213  Ibs. 

Percentage  of  ash  and  refuse  to  dry  coal 14.81 
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PROXIMATE  ANALYSIS  OF  COAL 

Moisture 6.9  per  cent 

Volatile 30. 6  per  cent 

Fixed  carbon 52 . 0  per  cent 

Ash 10. 5  per  cent 

ANALYSIS  OF  ASH  AND  REFUSE 

Carbon 20 . 77  per  cent 

Earthy  matter 79 . 23  per  cent 

FUEL  PER  HOUR 

Dry  coal  supplied  boiler  per  hour 4,140       Ibs. 

Combustible  supplied  boiler  per  hour 3,420       Ibs. 

Dry  coal  per  sq.ft.  of  grate  surface  per  hour 41 .40  Ibs. 

CALORIFIC  VALUE  OF  FUEL 

Calorific  value  by  Parr  calorimeter  per  Ib.  dry  coal 12,685 

QUALITY  OF  STEAM 

Number  of  degrees  of  superheat 90°  F. 

WATER 

Total  weight  of  water  fed  to  boiler 232,375  Ibs. 

Factor  of  evaporation 1 . 2626 

Equivalent  evaporation  from  and  at  212°  F 293,397 

WATER  PER  HOUR 

Water  evaporated  per  hour 29,047 

Equivalent  evaporation  per  hour  from  and  at  212°  F 36,675 

Equivalent  evaporation  per  square  foot  of  heating  surface 6 . 95 

HORSE-POWER 

Horse-power  developed 1,063 

Builder's  rated  horse-power 508 

Percentage  of  builder's  rated  horse-power  developed 209 . 2 

ECONOMIC  RESULTS 

Water  apparently  evaporated  under  actual  conditions  per  pound  of 

coal  as  fired 6 . 25 

Equivalent  evaporation  per  pound  of  coal  as  fired 7 . 89 

"  "          per  pound  dry  coal 8 . 86 

"  "          per  pound  combustible 10 . 73 
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EFFICIENCY 

Efficiency  of  boiler:  heat  absorbed  by  the  boiler  per  pound 
of  coal  divided  by  the  heat  obtained  from  1  pound  of 
coal  ..............................................  67.46  per  cent 

ANALYSIS  OF  DRY  OASES   (BY  VOLUME) 

COj  ...................................................     9.3  per  cent 

Oxygen  ................................................  10.6  per  cent 

CO  ....................................................  None 

Nitrogen  (by  difference)  .................................  80  .  1  per  cent 

APPROXIMATE  HEAT  BALANCE 

Heat  in  one  pound  coal  as  fired  ...........................    11,296  B.t.u. 

Heat  delivered  to  water  in  boiler  .......  7,619.4  B.t.u.  67.  46  per  cent 

Loss  from  unburned  fuel  in  ash  ........  309.5  B.t.u.  2.74  per  cent 

Loss  in  flue  gases  ....................  2,444  .  3  B.t.u.  21  .  64  per  cent 

Loss  in  evaporating  water  in  coal  .......  142.  1  B.t.u.  1  .25  per  cent 

Loss  from  formation  of  water  from  burn- 

ing of  hydrogen  in  coal  ...........  618.3  B.t.u.  5.47  per  cent 

Unaccounted  for  (by  difference)  ........  162.4  B.t.u.  1  .44  per  cent 

11,296.  100. 

In  figuring  the  above  heat  balance  the  loss  fr&m  unburned 
fuel  in  the  ash  is  determined  by  multiplying  the  proportion  that 
this  combustible  matter  bears  to  the  whole  amount  of  coal  by 
its  calorific  value  per  pound.  The  method  of  proportions  out- 
lined on  page  45  may  also  be  used. 

Per  cent  combustible  in  refuse  ...........       20  .  77 

Weight  of  total  combustible  in  refuse,  Ibs  .  .    1019  .  8 
Proportion  of  coal  as  fired  to  combustible 

1019.8 
in  refuse  =  =  2.74  per  cent. 


B.t.u.  per  Ib.  combustible  in  ash  is  taken 

to  be  same  as  that  of  original  coal  as  fired      11,296 
B.t.u.  lost  in  unburned  fuel  per  Ib  ........     309  .  5 
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The  loss  of  heat  in  the  flue  gases  is  determined  in  the  manner 
described  on  page  45. 


=  .  24  X  {  3.032  x.  673+  U-.  105)  }(631  -78) 

^  .u«7o  j 

=  2444.3  B.t.u. 

The  loss  due  to  evaporation  of  water  in  the  coal  is  found  by  multi- 
plying the  total  heat  of  1  pound  of  superheated  steam  at  the 
temperature  of  the  escaping  gases,  calculated  from  the  tem- 
perature of  air  in  the  boiler  room,  by  the  proportion  of  moisture. 

H'=H+C(T-t)  (seep.  98). 

=  1  100.6+  .  468(631-212)  =  1296.6. 
Loss     =.1096X1296.6  =  142.1  B.t.u. 

The  loss  due  to  moisture  formed  by  the  burning  of  hydrogen  is 
obtained  by  multiplying  the  total  heat  of  1  pound  of  super- 
heated steam  at  the  temperature  of  the  escaping  gases,  calculated 
from  the  temperature  of  the  air  in  the  boiler  room,  by  the  pro- 
portion of  the  hydrogen,  determined  from  the  analysis  of  the 
coal,  and  multiplying  the  result  by  9.  (See  Table  IX  for  ultimate 
analyses  of  American  Coals.) 

As  above  H'  =  1296.6  B.t.u. 

Loss  =  1296.6  X.  053X9  =  618.3  B.t.u. 

Weighing  the  Water.  The  measurement  of  water'  for  an 
evaporative  test  is  most  satisfactorily  accomplished  by  the  use 
of  a  calibrated  tank  in  which  the  water  is  measured  and  from 
which  it  is  emptied  into  a  receiving  tank,  Fig.  38,  which  serves 
as  a  supply  for  the  feed  pump  or  injector.  Great  care  should 
be  exercised  in  the  avoiding  of  any  loss  of  water  in  the  blow-off 
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pipes  or  in  any  other  manner  save  in  the  form  of  steam  generated 
by  the  boiler. 

Weighing  the  Coal.  The  most  satisfactory  manner  of  weigh- 
ing coal  for  a  test  consists  in  loading  it  in  wheelbarrows  whose 
weight  when  empty  has  been  carefully  determined,  and  rolling 


O=f  r°" 


Fio.  38.— Tanks  for  Weighing  Water  for  Boiler  Test. 

onto  platform  scales  before  dumping  in  front  of  the  furnace 
for  firing.  The  net  weight  of  the  coal  is  determined  for  each 
wheelbarrow  load  and  the  total  amount  used  is  carefully  checked 
in  at  the  end  of  each  hour  of  the  run.  The  sample  for 
analysis  should  be  obtained  by  taking  from  each  wheelbarrow, 
just  before  it  is  weighed,  a  double  handful  of  the  coal  and 
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throwing  it  into  a  covered  receptacle.  The  advantage  of  weigh- 
ing coal  in  wheelbarrows  over  the  method  of  weighing  in  a  large 
box,  permanently  mounted  on  the  scales  and  holding  500  pounds 
or  more,  is  in  the  increased  accuracy  of  the  hourly  checks  which 
can  and  should  be  made  throughout  the  test.  The  use  of  a 
large  box  usually  requires  a  "  weigh  back  "  correction  for  each 
time  an  accurate  check  is  made.  This  is  seldom  done,  because 
of  lack  of  time,  and  rough  estimates  are  made  upon  the  checking 
weights  with  a  result  that  the  hourly  checks  are  of  little  or  no 
value. 

From  an  operating  standpoint  one  of  the  chief  features  of 
value  in  an  evaporative  test  is  the  familiarity  which  may  be  gained 
with  those  combinations  of  furnace  and  boiler  conditions  which 
give  most  advantageous  operation.  The  more  closely  and  con- 
tinuously these  conditions  are  observed  in  their  relation  to  the 
results  which  are  actually  being  obtained  in  capacity  and 
efficiency  the  more  valuable  will  be  the  test  from  all  points  of 
view. 

In  tests  conducted  on  hand-fired  boilers  satisfactory  checks 
cannot  be  obtained  for  each  hour  of  the  run  on  account  of  the 
period  between  the  cleaning  of  fires  running  two  or  more  hours. 
In  such  cases  accurate  checks  can  only  be  obtained  at  intervals 
of  two  or  more  hours. 

Weighing  the  Ash.  The  ash  should  be  quenched  with  a 
small  amount  of  water  as  soon  as  it  leaves  the  grates  in  order 
to  prevent  any  further  combustion.  It  should  then  be  thrown 
in  a  pile  until  the  close  of  the  test,  at  which  time  it  is  weighed.  A 
representative  sample  of  the  ash  is  retained  in  a  manner  similar 
to  that  of  procuring  the  coal  sample,  that  is,  a  small  amount  is 
thrown  into  a  can  from  each  wheelbarrow  or  box  as  weighed  and 
the  tests  for  moisture,  combustible  and  heating  value  are  made 
upon  this  sample.  The  weight  of  dry  ash  is  reported. 

Starting  and  Stopping  a  Test.  It  is  important  in  the  starting 
and  stopping  of  a  boiler  test  that  conditions  which  prevail  at  the 
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beginning  of  the  test  should  be  duplicated  as  nearly  as  is  possible 
at  the  close  of  the  run.  On  a  chain  grate  stoker  the  conditions 
under  which  the  test  is  to  be  run  should  be  well  established  at 
least  thirty  minutes  before  starting  the  test  and  the  same  con- 
ditions again  established  at  least  thirty  minutes  prior  to  the  close 
of  the  test.  On  a  hand-fired  test  the  final  cleanout  should  be 
so  timed  as  to  be  completed  just  before  the  end  of  the  run,  thus 
comparing  exactly  with  the  time  of  the  completion  of  the  clean- 
out  immediately  preceding  the  test. 

Great  care  should  also  be  used  in  checking  water  levels.  Open 
fire  doors  or  the  admission  of  large  amounts  of  excess  air  from 
any  source  retard  the  rate  of  steaming  and  result  in  inaccurate 
water-level  measurements. 

Definition  of  Terms.  Boiler  capacity  is  the  measure 
of  the  rate  of  evaporation  in  the  boiler  and  is  expressed  as  "  Boiler 
Horse-power."  The  A.S.M.E.  Code  of  1899  defines  a  boiler 
horse-power  as  follows: 

"  The  unit  of  commercial  horse-power  developed  by  a  boiler 
shall  be  taken  as  34|  units  of  evaporation  per  hour  from  a  feed- 
water  temperature  of  212°  F.  into  dry  steam  at  the  same  tem- 
perature. This  standard  is  equivalent  to  33,137  B.t.u.  per  hour. 
It  is  also  practically  equivalent  to  an  evaporation  of  30  pounds 
of  water  from  a  feed-water  temperature  of  100°  F.,  into  steam 
at  70  pounds  gauge  pressure." 

The  rated  horse-power  of  a  boiler  is  an  arbitrary  figure  based 
upon  the  square  feet  of  heating  surface — 10  square  feet  being 
taken  as  necessary  for  developing  1  horse-power  per  hour. 

Boiler  efficiency  as  ordinarily  expressed,  is  taken  to  be  the 
ratio  of  the  heat  units  utilized  in  the  production  of  steam  to  the 
heat  units  in  the  coal  as  fired,  thus 

„„.  .  Heat  absorbed  per  pound  of  fuel 

Efficiency  =^r— p—  -^  — • 

Heating  value  of  1  pound  of  fuel 

This  is  really  the  efficiency  of  boiler,  furnace  and  grate  combined, 
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the  efficiency  of  boiler  and  furnace  alone  being  the  ratio  of  the 
heat  in  the  steam  to  the  heating  value  of  the  combustible  por- 
tion of  the  fuel,  thus 

_ffl  .         _  Heat  units  absorbed  per  pound  of  combustible 
Heating  value  of  1  pound  of  the  combustible 

The  total  heat  of  saturated  steam  consists  of  the  heat  necessary 
to  raise  the  temperature  of  the  water  from  32°  to  the  tem- 
perature of  the  steam  and  of  the  heat  necessary  to  evaporate 
the  water  at  that  temperature  (called  the  "  latent  heat  ").  The 
formula  of  Davis  by  which  this  total  heat  is  figured  is 

H  =  1 150.3 +0.3745(*  -  212)  -0.000550(*  -  212)2, 

in  which  t  is  the  temperature  corresponding  to  the  pressure  of  the 
steam. 

Latent  Heat  of  Steam.  The  formula  for  the  latent  heat  of 
steam  is  L  =  H  —  h,  in  which 

H  =  total  heat  and  h  =  heat  of  the  liquid. 

Specific  Heat  of  Superheated  Steam.  This  varies  according 
to  the  pressure  and  temperature  as  shown  by  Peabody's  Table 
XIV. 

The  total  heat  of  superheated  steam  consists  of  the  total  heat 
of  saturated  steam  plus  the  product  of  the  degrees  of  superheat 
by  the  specific  heat  of  the  steam  at  the  given  pressure  and  tem- 
perature, thus 

H'  =  H+C(T-t), 

in  which  H'  =  total  heat  of  superheated  steam; 
H  =  total  heat  of  saturated  steam; 
C  =  specific  heat  of  superheated  steam ; 
T  =  temperature  of  superheated  steam; 
t  =  temperature  of  saturated  steam. 
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TABLE  XIV 
SPECIFIC  HEAT  OF  SUPERHEATED  STEAM 

(Knoblauch  and  Jacoby  in  Peabody's  Steam  and  Entropy  Tables.) 


Pressure  Lbs  per  Sq  In              . 

14  2 

28  4 

56  9 

85  3 

113  8 

'  '       Kg.  per  Sq.  Cm  

1 

2 

4 

6 

8 

Temperature,  Saturated,  Fahr  

210° 

248° 

289° 

316° 

336° 

<  i 

Cent  

99° 

120° 

143° 

158° 

169° 

Fahr. 

Cent. 

212° 

100° 

0.463 

302° 

150° 

0.462 

0.478 

0.515 

392° 

200° 

0.462 

0.475 

0.502 

0.530 

0.560 

482° 

250° 

0.463 

0.474 

0.495 

0.514 

0.532 

572° 

300° 

0.464 

0.475 

0.492 

0.505 

0.517 

662° 

350° 

0.468 

0.477 

0.492 

0.503 

0.512 

752° 

400° 

0.473 

0.481 

0.494 

0.504 

0.512 

Pressure,  Lbs.  per  Sq.  In  

142.2 

170.6 

199.1 

227.5 

256  0 

284  4 

'  '         Kg.  per  Sq.  Cm   .  .         .       . 

10 

12 

14 

16 

18 

20 

Temperature,  Saturated,  Fahr  

350° 

368° 

381° 

392° 

403° 

412° 

<  < 

Cent  

179° 

187° 

194° 

200° 

206° 

211° 

Fahr. 

Cent. 

212° 

100° 

302° 

150° 

392° 

200° 

0.597 

0.635 

0.677 

482° 

250° 

0.552 

0.570 

0.588 

0.609 

0.635 

0.664 

572° 

300° 

0.530 

0.541 

0.550 

0.561 

0.572 

0  :,*:, 

662° 

350° 

0.522 

0.529 

0.536 

0.543 

0.550 

0.557 

752° 

400° 

0.520 

0.526 

0.531 

0.537 

0.542 

0.547 

The  factor  bf  evaporation  when  applied  to  the  apparent  amount 
of  water  evaporated  under  the  temperature  and  pressure  condi- 
tions of  the  test  gives  the  "  equivalent "  amount  of  water 
evaporated  "  from  and  at  "  212°  F.  This  is  the  basis  upon  which 
boiler  horse-power  is  figured. 

rr 1L 

Factor  of  evaporation 
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where  H  =  total  heat  in  1  pound  of  steam  above  32°,  as  delivered 

from  the  boiler; 
h  =  total  heat  in  the  water,  above  32°,  as  admitted  to  the 

boiler; 
970.4  =  the  latent  heat  of  steam  at  212°  F. 

For  example:  In  a  boiler  generating  steam  at  175  pounds 
gauge  pressure  and  490°  F.  temperature,  at  the  rate  of  28,000 
pounds  of  feed-water  per  hour,  the  temperature  of  which  is  52° 
F.,  the  horse-power  would  be  determined  as  follows: 

Temperature  corresponding  to  175  pounds  pressure 377°  F. 

Actual  temperature  of  steam 490°  F. 

Degrees  of  superheat 113 

Specific  heat  of  steam  under  conditions  noted .56 

Tota'  heat  in  saturated  steam  at  175  pounds  gauge,  above  32°  F.  1,197 

Total  heat  in  superheated  steam,  above  32°  F 1,260.3 

1260.3-20 

Factor  of  evaporation  =  — T^pr: —  = 1 . 2782 

y/u .  4 

Pounds  of  water  evaporated  per  hour 28,000 

Pounds  of  water  evaporated  per  hour  "from  and  at"  212°  F...    35,789 

35,789 
Horse-power  =  1,037.4 

Special  Apparatus  for  Steam  Tests. 

Steam  Calorimeters.  Calorimeters  in  general  use  for  the  deter- 
mination of  the  moisture  content  of  steam  are  of  two  types: 
throttling  or  superheating  calorimeters  and  separating  calorimeters. 

The  form  of  throttling  calorimeter  in  most  general  use  is  that 
introduced  by  Mr.  George  H.  Barrus  and  shown  in  Fig.  39.  In 
this  arrangement  the  temperature  of  the  steam  entering  the 
instrument  is  first  taken  in  the  upper  chamber  of  the  calorimeter. 
The  steam  then  expands  through  an  orifice  in  a  diaphragm  which 
separates  the  upper  from  the  lower  chamber.  A  very  free  exhaust 
is  provided  from  the  lower  chamber,  making  the  pressure  at  that 
point  atmospheric.  A  thermometer  well  extends  into  the  lower 
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-  THERMOMETER 


TO  ATMOSPHERE  • 


FIG.  39.— Throttling  Calorimeter. 


chamber,  permitting  of  a  reading  of  the  temperature  of  the  steam 
at  that  point.     The  principle  involved  is  as  follows:     Assuming 
that  there  is  no  loss  of  heat  by  radiation,  the  quantity  of  heat 
in  the  steam  is  the  same  after 
passing  through  the  orifice  as 
before,  but  the  pressure  is  less. 
The  result  is  a  superheating  of 
the  steam  beyond  the  orifice. 
The  amount  of  superheat,  as 
determined    from  the  reading 
of    the    thermometer    in    the 
lower  chamber,  will  be  less  if 
the  steam  contains  any  mois- 
ture, for  the  reason  that  a  part 
of  this  excess  heat  will  be  dis- 
pelled in  evaporating  the  mois- 
ture.    Hence  there  will  be  a  varying  degree  of  superheat  depend- 
ing upon  the  moisture  content  of  the  steam.    Readings  need  only 
be  taken  on  the  two  thermometers  in  order  to  make  the  necessary 
calculations  for  moisture  content. 

The  formula  to  be  applied  in  making  the  calculation  is  deduced 
as  follows,  using  the  symbols: 

t\  =  temperature  of  steam  on  high  pressure  side  of  orifice ; 
tz  =  temperature  of  steam  on  low  pressure  side  of  orifice; 
Hz  =  total  heat  (B.t.u.)  of  steam  in  upper  chamber; 
LI  =  latent  heat  of  steam  in  upper  chamber; 
qi  =  heat  of  liquid  at  upper  chamber  temperature ; 
C  =  specific  heat  of  superheated  steam  at  exhaust  pressure; 
xi  =  initial  quality  of  steam; 
l-100xi  =  initial  moisture  in  steam,  per  cent. 

The  total  heat  of  a  pound  of  wet  steam  flowing  into  the  orifice  is 
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and  after  expansion,  assuming  all  the  moisture  is  evaporated,  the 
total  heat  of  the  same  weight  of  steam  is 


then  if  no  heat  has  been  lost, 


and 


The  orifice  of  this  instrument  is  usually  about  ^  inch  in  diam- 
eter and  for  this  size  of  orifice  the 
weight  of  steam  discharged  per  hour 
at  175  pounds  absolute  pressure  is 
about  60  pounds.  In  boiler  tests  a 
correction  of  this  amount  should  be 
applied  for  the  steam  discharged  from 
steam  calorimeters. 

When  the  percentage  of  moisture 
in  the  steam  exceeds  a  certain  amount 
the  steam  ceases  to  superheat  and  the 
results  on  the  throttling  calorimeter 
are  no  longer  accurate,  hence  it  will 
be  seen  that  the  initial  pressure  of 
the  steam  will  largely  determine  the 
percentage  of  moisture  which  may  be 
measured  with  the  instrument.  For  a 
steam  pressure  of  35  pounds  absolute 
the  range  of  calorimeter  is  2  per  cent. 
For  a  steam  pressure  of  150  pounds 
absolute  the  range  is  5  per  cent  of 
moisture.  For  250  pounds  absolute 

the  range  is  7  per  cent.     For  higher  percentages  of  moisture  at 
these  steam  pressures  the  separating  calorimeter  is  generally  used. 


FIG.  40. — Separating  Calo- 
rimeter. 
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Fig.  40  shows  the  most  approved  form  of  this  type  of  the  instru- 
ment. This  operates  by  mechanically  separating  out  the  mois- 
ture in  the  steam  as  it  passes  through.  The  ratio  of  this  weight 
of  water  to  the  total  weight  of  steam  which  has  passed  through 
the  instrument  during  the  given  period  of  time  is  the  percent- 
age of  moisture  in  the  steam.  The  total  amount  of  steam 
flowing  is  figured  from  the  known  pressure  and  area  of  the  orifice 
through  which  the  steam  flows  by  Napier's  approximate  formula: 

T)CL 

Pounds  of  steam  per  second =-^-r- 

in  which      p  =  absolute  pressure  in  pounds  per  square  inch ; 
a  =  area  of  orifice  in  square  inches. 

Upon  the  assumption  that  the  flow  of  steam  through  the  nozzle 
of  the  calorimeter  is  proportional  to  the  pressure,  a  calibrated 
pressure  gauge  with  two  scales  is  attached  to  the  instrument 
and  permits  of  reading  directly  the  amount  of  steam  flowing 
through  the  instrument.  The  amount  of  steam  flowing  may 
also  be  checked  by  condensing  in  a  weighed  tank  of  cold  water 
or  in  an  especially  equipped  condenser. 

In  sampling  steam  it  is  important  to  obtain  an  average  sample, 
inasmuch  as  the  quality  of  the  steam  throughout  the  cross- 
section  of  a  long  horizontal  pipe  varies  consdierably.  For 
this  reason  the  sampling  tube  should  be  placed  in  a  vertical 
steam  pipe  when  possible.  The  sampling  tube  should  be  made 
of  i-inch  pipe,  and  should  extend  across  the  diameter  of  the  steam 
pipe  to  within  half  an  inch  of  the  opposite  side,  being  closed  at 
the  end  and  perforated  with  not  less  than  20  i^-inch  holes  equally 
distributed  along  and  around  its  cylindrical  surface,  but  none 
of  these  holes  should  be  nearer  than  \  inch  to  the  inner  side  of 
the  steam  pipe. 

Determination  of  the  Moisture  Content  of  Steam  Exhausting 
into  a  Vacuum.  Determinations  of  the  moisture  content  of 
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steam  exhausted  from  the  low  pressure  cylinder  of  an  engine  or 
the  last  stage  of  a  turbine  into  a  vacuum  are  required  in  establish- 
ing the  distribution  of  heat  throughout  the  machines  and  in 
determining  conditions  of  highest  operating  efficiency.  For  this 
an  especially  arranged  calorimeter  must  be  used.  An  arrange- 
ment with  which  successful  results  have  been  obtained  is  shown 
in  Fig.  41.  This  consists  of  a  Carpenter  separating  calorimeter 
to  the  exhaust  of  which  is  attached  a  pipe  leading  to  a  small 
surface  condenser  in  which  the  dry  steam,  passing  through  the 
calorimeter,  is  condensed  and  collected  for  measurement.  The 
flow  of  steam  through  the  calorimeter  is  effected  by  maintaining 
in  the  small  condenser  a  slightly  higher  vacuum  ($  inch  mercury) 
than  exists  in  the  exhaust  line  from  which  the  steam  sample  is 
being  taken.  This  difference  in  vacuum  is  maintained  constant 
by  the  aid  of  mercury  column  connections  above  and  below  the 
calorimeter  and  pet  cocks  through  which  air  may  be  admitted 
to  the  condenser.  A  f-inch  pipe  connects  the  air  pump  of  the 
unit,  whose  steam  is  being  sampled,  to  the  small  condenser,  thus 
maintaining  the  desired  vacuum. 

Tests  of  exhaust  steam  from  a  3000-kilowatt  compound 
Allis-Chalmers  engine  operating  under  full  load  and  26  inches  of 
vacuum  gave  an  average  of  12.21  per  cent  moisture.  Steam 
taken  from  between  the  last  stage  of  a  12,000-kilowatt  turbine 
and  its  condenser  when  operating  under  f  full  load  and  28  inches 
of  vacuum  showed  an  average  moisture  content  of  14.54  per  cent. 

Extensive  experiments  have  been  made  by  C.  C.  Thomas 
upon  the  quality  of  steam  throughout  the  various  stages  of  a 
turbine.  He  has  devised  an  electric  steam  calorimeter  by  means 
of  which  steam  is  passed  up  through  a  series  of  German  silver 
resistance  coils  through  which  current  is  passing.  These  hot 
coils  evaporate  the  moisture  contained  in  the  steam.  By  measure- 
ments of  the  current  necessary  to  superheat  the  steam  to  a  cer- 
tain degree  and  another  measurement  of  the  current  necessary 
to  just  dry  the  steam  he  obtains  an  expression  for  the  percentage 
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of  moisture  which  the  steam  contains.     A  description  of  this 
calorimeter  and  of   the   results   obtained  in   the   turbine   tests 

are  reported  in  detail  in  Mr. 
Thomas'  book  on  "  Steam  Tur- 
bines." 

Principle  of  Operation  of 
the  Steam  Flow-Meter.*  An 
interesting  device  now  avail- 
able for  use  in  connection 
with  investigations  of  combus- 
tion and  boiler  and  furnace 
conditions,  is  the  steam  flow- 
meter  to  which  reference  has 
already  been  made.  The  prin- 
ciple upon  which  it  operates  is 
that  of  transmitting  to  a  mer- 
cury U-tube  the  pressure  due 
to  the  velocity  of  the  steam  in 
the  pipe.  This  velocity  pres- 
sure is  led  into  the  two  legs 
of  the  mercury  receptacle  in 
such  a  way  as  to  cause  the 
mercury  to  deflect,  the  amount 
of  the  deflection  varying  di- 
rectly with  the  velocity  of 
steam  in  the  pipe.  Fig.  16, 
page  43,  shows  the  indicating 
type  of  boiler  steam  flow-meter 
and  is  the  one  especially  recom- 
mended for  this  kind  of  service. 
The  amount  of  the  deflection  of  the  mercury  in  this  type  of 
flow-meter  is  indicated  outside  of  the  instrument  by  means  of 
a  magnet  operated  from  a  float  upon  the  surface  of  the  mercury, 
*  See  also  General  Electric  Co.'s  Bulletin  No.  A4004. 


FIG.  42.— Section  through  Type  F-S-2 
Steam  Flow-meter. 

A,  target;  B,  indicating  needle;  C,  copper 
plug;  D,  screw  for  setting  target:  E,  mag- 
net; F,  scale;  G,  mercury  well;  H,  screw 
for  holding  internal  mechanism;  /,  sheave; 
J ,  U  magnet,  K.  counter  weight;  L,  silk 
cord;  M,  one  leg  of  U  tube;  N,  float;  O, 
mercury;  X,  pipe  to  trailing  openings  in 
nozzle  plug  or  orifice  tube;  Y,  pipe  to 
leading  openings  in  nozzle  plug  or  orifice 
tube. 
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Fig.  42,  and  which  controls  the  motion  of  another  very  sensitive 
magnet  on  the  face  of  the  dial. 

The  so-called  "  nozzle  plug,"  by  means  of  which  the  static 
pressure  in  the  pipe  is  neutralized  and  the  velocity  pressure 
transmitted  to  the  instrument,  is  shown  in  Fig.  43.  This  con- 
sists essentially  of  a  double  conduit  tube  which  extends  across 
the  pipe  diameter,  each  conduit  having  a  separate  set  of  openings. 
The  leading  set  of  openings  faces  against  the  direction  of  flow 
of  the  steam  and  extends  across  the  entire  diameter  of  the  pipe. 
The  trailing  set  of  openings  faces  in  the  direction  of  the  flow  of 


FIG.  43. — Nozzle  Plug  for  Steam  Flow-meter. 

steam  and  is  located  at  about  the  middle  point  of  the  length 
of  the  tube. 

The  steam,  when  flowing,  impinges  against  the  leading  set 
of  openings  in  the  nozzle  plug  and  sets  up  a  pressure  in  the  lead- 
ing conduit  which  equals  the  static  pressure  plus  a  pressure  due 
to  the  velocity  head.  The  drag  of  the  steam  on  the  trailing  set 
of  openings  lowers  the  pressure  in  the  trailing  conduit.  In 
this  manner  the  static  pressure  is  exactly  counterbalanced  at  the 
mercury  receptacle,  and  the  deflection  of  the  mercury  caused 
entirely  by  the  velocity  of  the  steam.  It  only  remains  to  know 
the  exact  area  of  the  pipe  through  which  the  steam  is  flowing  and 
the  quality  of  the  steam  to  be  enabled  to  determine  the  weight  of 
steam  flowing  and  the  horse-power  being  developed  by  the  boiler. 
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FIG.  44. — Curve  of  Fluctuation  in  Boiler  Horse-power. 
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FIG.  45. — Boiler  Horse-power  Curves. 


TESTS  FOR  CAPACITY  AND  EFFICIENCY 


109 


The  flow-meter  indicates  very  sensitively  the  momentary 
changes  in  capacity  and  to  a  certain  extent  is  an  aid  in  determining 
the  most  favorable  conditions  of  combustion  and  boiler  opera- 
tion. The  causes  of  change  in  the  horse-power  output  of  a  boiler 
do  not  lie  wholly  with  the  operation  of  the  boiler  and  furnace. 
The  momentary  output  fluctuates  very  definitely,  widely  and 
inversely  with  the  changes  in  the  rate  of  feed-water  admission. 
During  the  interval  when  the  boiler  is  taking  water  the  horse- 
power output  has  been  found  to  decrease  rapidly  and  becomes 
least  when  the  rate  of  feed-water  admission  is  greatest.  On  the 
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FIG.  46. — Boiler  Horse-power  Curves. 

other  hand  the  boiler  is  developing  the  highest  capacity  when 
taking  least  water.  The  most  sensitive  feed-water  regulators  as 
ordinarily  connected  do  not  regulate  closely  enough  to  entirely 
prevent  this  fluctuation.  Fig.  44  shows  a  test  conducted  by  the 
writer  which  illustrates  this  condition  under  steady  furnace 
and  load  conditions  where  both  the  steam  and  water  ends  of  the 
thermostat  are  connected  to  the  drum  of  the  boiler.  Figs.  45 
and  46  show  the  extent  to  which  this  fluctuation  can  be  reduced 
by  connecting  the  water  end  of  the  thermostat  to  the  lower  part 
of  the  tube  header  or  to  the  mud  drum.  Such  an  arrangement 
of  the  connections  causes  the  regulator  to  be  immediately  sensitive 


no 
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to  slight  changes  in  mean  water  level  and  tends  to  eliminate  those 
fluctuations  in  horse-power  output  which  are  due  to  irregularities 
in  the  rate  of  fe%d-water  admission,  thereby  making  the  flow- 
meter  as  applied  to  a  boiler  an  instrument  which  will  show  to 
the  fireman  only  such  changes  as  are  due  to  altered  furnace  con- 
ditions, and  as  such  being  a  valuable  aid  in  boiler-room  opera- 
tion. 

Methods  and  Apparatus  for  Testing  Flue  Gases.    In  the 
testing  of  flue  gases  the  first  and  most  important  step  is  to  obtain 
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FIG.  47. — Variation  in  Quality  of  Flue  Gases  in  Boiler  Pass. — Readings  Taken 
in  Plane  24  in.  from  Inside  of  Rear  Header.  Lines  Represent  Percentages 
of  Carbon  Dioxide. 

a  representative  sample  of  the  gas.  This  means  taking  the  sample 
from  the  boiler  in  the  proper  place  and  getting  the  sample  into 
the  testing  apparatus  free  from  moisture  and  an  admixture 
of  air.  An  idea  of  the  great  variation  which  exists  in  the  quality 
of  the  gases  in  the  rear  pass  of  a  three-vertical  pass  boiler  may  be 
gotten  from  the  contour  curves  shown  in  Fig.  47.  The  most 
satisfactory  point  from  which  to  take  a  general  sample  is  in  the 
flue  just  at  the  point  where  the  gases  leave  the  boiler  and  enter 
the  breechings  or  uptakes.  Samples  taken  at  other  points  in 
the  setting  will  vary  all  the  way  from  4  per  cent  up  as  indicated 
on  the  curves.  An  automatic  gas  collector  such  as  the  Hayes, 
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Fig.  48,  makes  it  possible  to  collect  an  average  sample  of  the 
flue  gases  over  several  hours  operation.  The  sample  is  drawn 
from  the  flue  at  a  uniform  rate  and  at  the  end  of  thfe  desired  interval 
a  portion  of  the  sample  is  drawn  off  and  analyzed.  The  standard 
equipment  for  flue  gas  testing  is  the  Orsat  apparatus. 


FIG.  48. — Hayes  Improved 
Gas  Collector. 


Fia.  49.— Orsat  Flue-Gas  Testing 
Apparatus. 


The  Orsat  Apparatus.  The  principle  on  which  this  instrument 
works  is  that  of  absorbing  from  a  definite  volume  of  flue  gas, 
the  different  gases  contained  therein  and,  by  noting  the  reduction 
on  the  original  volume  at  the  end  of  each  operation,  obtaining  a 
measurement  of  the  volume  of  each  of  the  gases  absorbed. 

Exactly   100  c.c.  of  the  flue  gas  is  collected  in  the  glass 
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burette  A,  Fig.  49,  and,  by  manipulation  of  water  contained  in  the 
bottle  F,  is  displaced  and  driven  into  one  of  the  U-shaped  burettes 
which  is  filled  with  chemical  for  absorbing  the  CO2  from  the  gas. 
After  complete  absorption  of  the  CC>2,  the  gas  is  again  brought 
back  into  the  original  burette  and  its  new  volume  noted.  The 
loss  in  volume  from  the  original  is  noted  as  CXV  (When  a  measure- 
ment is  taken  the  level  of  water  in  A  and  F  should  be  the  same, 
so  that  all  measurements  are  taken  at  atmospheric  pressure.) 
If  the  volume  is  no  further  reduced  by  again  driving  the  gas  into 
the  CO2  burette,  it  may  be  now  forced  into  the  next  U-shaped 
burette  which  contains  chemical  for  absorbing  oxygen  from  the 
gas.  After  the  complete  absorption  of  oxygen  the  gas  is  again 
returned  to  the  measuring  burette  and  the  further  loss  in  volume 
noted  as  oxygen.  Similarly  the  measurement  of  the  amount 
of  carbon  monoxide  is  obtained. 

Solutions  for  Orsat  Apparatus 

For  Absorption  of  CC>2 — Potassium  Hydroxide  (KOH).  Dis- 
solve 1  part  by  weight  of  the  chemical  in  2£  parts  of  water. 
Note. — KOH  purified  by  alcohol  cannot  be  used. 

For  Absorption  of  Oxygen — Pyrogallic  Acid  and  KOH.  Dis- 
solve 1  part  by  weight  of  pyrogallic  acid  in  2  parts  of  hot  water 
and  add  3  parts  of  potassium  hydroxide  solution  1  to  2\  of 
water. 

For  Absorption  of  Carbon  Monoxide — Cuprous  Chloride. 
Dissolve  1  part  by  weight  of  cuprous  chloride  in  7  parts  of  hydro- 
chloric acid,  then  add  2  parts  of  copper  clippings  and  let  stand 
for  twenty-four  hours,  afterward  adding  3  parts  of  water  before 
use. 

The  Hempel  Apparatus.  The  Hempel  gas  analyzing  appa- 
ratus is  the  form  of  equipment  in  general  use  for  the  laboratory 
analysis  of  gases,  but  is  not  so  well  adapted  to  use  in  the  field. 
Its  principle  of  operation  is  very  similar  to  that  of  the  Orsat 
apparatus. 
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An  Improved  Orsat  Apparatus.  An  improved  Orsat  apparatus, 
Fig.  50,  has  recently  been  designed  by  Professors  J.  A.  Moyer 
and  J.  R.  Allen  of  the  University  of  Michigan,  which  differs  from 
the  older  form  of  the  apparatus  in  the  substitution  of  a  hard 
rubber  manifold  for  the  usual  glass  tubing,  and  in  an  entirely 
new  design  of  the  pipettes  for  holding  the  chemical  solutions. 
The  new  pipette,  Fig.  51,  consists  of  an  outer  tube  which  is 


FIG.  50. — Allen-Moyer  Improved 
Orsat  Apparatus. 


FIG.  51. — Pipette  for  Improved 
Orsat  Apparatus. 


closed  at  the  top  by  a  rubber  stopper  and  an  inner  tube  the 
capillary  portion  of  which  passes  through  the  rubber  stopper.  The 
end  of  the  inner  tube  has  a  number  of  holes  to  permit  a  more 
rapid  passage  of  the  solution  from  the  inner  to  the  outer  tube. 
The  inner  tube  contains  a  number  of  small  glass  tubes  to  increase 
the  absorption  area.  The  pipette  is  much  more  compact  than 
the  older  form  and  is  less  liable  to  breakage,  besides  being  of  more 
convenient  shape  for  emptying  and  refilling.  The  pipette  is 
held  in  its  place  by  a  hard-rubber  concave  disc  supported  by  a 


114 


TEST  METHODS  FOR  STEAM  POWER  PLANTS 


screw  from  below.     Pinch   cocks  are  used  in  this  instrument 
in  place  of  the  usual  glass  cocks. 

Wright's  Improved  Orsat.  Another  recent  improvement 
over  the  old  form  of  Orsat  apparatus  is  known  as  Wright's 
Improved  Orsat  Apparatus  (Precision  Instrument  Co.,  Detroit). 
This  consists  of  special  concentric  absorption  bulbs  or  pipettes 


FIG.  52. — Wright's  Improved 
Great. 


FIG.  53. — Hayes'  Improved  Gas 
Analysis  Instrument. 


mounted  in  a  semicircle  surrounding  the  water-jacketed  burette 
on  a  metal  stand,  Fig.  52.  The  method  of  mounting  the  capillary 
tube  renders  it  much  less  liable  to  break.  When  not  in  use  the 
apparatus  is  enclosed  in  a  strong  metal  cover  65"  in  diameter 
and  15  inches  high. 

Hayes'  Modified  Orsat.    Hayes'  modified  Orsat  apparatus, 
Fig.  53,  is  another  of  the  more  convenient  types  of  Orsat  now 
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on  the  market.  It  is  mounted  in  a  rectangular  steel  case 
3X7X13  inches,  weighs  13  pounds  and  is  especially  to  be  rec- 
ommended for  its  speed  and  portability. 

Automatic  COL>  Recording  Instruments.  Automatic  COa 
recording  instruments  of  substantial  and  simplified  design  are 
now  available  for  boiler  house  work 
and  may  be  used  to  good  advan- 
'tage  in  establishing  most  economical 
methods  of  firing  and  boiler  opera- 
tion. One  of  the  most  recent  of 
these  is  the  Precision-Simmance- 
Abady  CO2  Recorder  built  by  the 
Precision  Instrument  Co.,  of  Detroit. 
This  instrument  is  very  highly 
recommended  by  stations  in  which 
they  are  in  use,  as  giving  reliable 
results  and  requiring  but  little  atten- 
tion for  maintenance  and  adjustment. 
Fig.  54  is  a  general  view  of  the  in- 
strument.  Fig.  55  is  a  diagram  of 
the  working  parts  with  the  exception 
of  the  clock  and  pen. 

A    system    for    filtering  the    flue 

gas  is  usually  installed  with  these  instruments  for  the  purpose 
of  obviating  the  liability  of  dust  and  condensation,  causing  a 
stoppage  in  the  pipes. 

Note — For  complete  description  of  operation,  see  A.  T.  Baldwin,  in  Journal 
of  Association  of  Engineering  Societies,  March,  1912. 

The  Uehling  CO2  Meter.  Fig.  56  is  a  view  of  the  Uehling 
"  Waste  Meter,"  which  measures  and  records  both  CC>2  and 
temperature  continuously.  The  principle  upon  which  the  C(>2 
recorder  operates  is  illustrated  in  Figs.  57  and  58.  The  gas 
to  be  analyzed  is  drawn  through  two  apertures  A  and  B,  Fig. 


Abady  COj  Recorder.     Gen- 
eral View. 
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FIG.  55. — Diagram  of  Working  Parts  of  COi  Recorder. 


(A)  Siphon  Tank 

(B)  Float 

(C)  Chain 

(D)  Extractor 

(E)  Drip  Valve 

(F)  Water  Feed 

(G)  Siphon  Tank 

(H)  Balance  Valve  or  change-over 

cock 

(7)   Recorder  Bell  and  Tank 
(J)   Water  Tank 
(K)  Overflow  from  KOH  Tank 


(M)  Caustic  Potash  Vessel 

(N)   Scale 

(0)  Overflow  Pipe 

(P)   Flue  Gas  Inlet 

(P')  Inlet  for  constant  stream  of  gas 

(Q)    Balance  Weight 

(S)    Suspension  Balance 

(X)  Water  Inlet  (furnishing  motive 
power  for  the  recorder  and 
also  drawing  continuous 
stream  of  flue  gas  through  P'.) 

(Y)   Waste  Water  Outlet 
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57,  by  a  constant  suction  produced  by  an  aspirator.  If  the 
apertures  are  kept  at  the  same  temperature,  the  suction  or 
partial  vacuum  in  the  chamber  between  the  two  apertures  will 
remain  constant  so  long  as  all  the  gas  passes  through  both 
apertures;  if,  however,  part  of  the  gas  be  taken  away  or  absorbed 
in  the  space  between  the  two  apertures,  the  vacuum  will  increase 
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FIG.  56.— Uehling 
"  Waste  Meter." 


FIG.  57. — Sketch  Showing  Principle  of 
Uehling  Waste  Meter. 


in  proportion  to  the  amount  of  gas  absorbed.  It  is  evident  that 
if  a  manometer  or  light  vacuum  gauge  be  connected  with  this 
chamber,  the  amount  of  gas  absorbed  will  be  indicated  by  the 
vacuum  reading. 

The  diagram  of  Fig.  58  shows  the  more  important  parts  of 
the  complete  instrument,  showing  the  path  of  the  gases  through 
the  filter  apertures  and  absorption  chamber.  The  column  of 
water  which  measures  the  partial  vacuum  between  apertures 
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A  and  B  is  calibrated  directly  in  per  cent  CO2.  This  vacuum, 
or  per  cent  COz,  is  also  communicated  to  the  recording  gauge 
and  boiler-room  indicator,  both  of  which  can  be  located  at  a 
considerable  distance  from  the  machine  proper. 


WATER       R 
JAR 


FIG.  58. — Sketch  Showing  Important 
Parts  Uehling  Waste  Meter. 


FIG.  59.— Scimatco  COi 
Recorder. 


The  Scimatco  Combustion  Recorder.  Fig.  59  is  an  illustra- 
tion of  the  CO2  recorder  manufactured  by  the  Scientific  Materials 
Company  of  Pittsburgh.  The  apparatus  works  on  the  follow- 
ing principle : 

The  sample  of  flue  gas  is  drawn  from  the  flue  through  the 
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recorder  by  means  of  a  water  aspirator.  The  gas  is  first  cleaned 
by  passing  through  a  soot  filter  and  is  then  carried  through  the 
first  of  two  small  meters.  It  next  passes  through  an  absorp- 
tion chamber  filled  with  lime,  in  which  the  CO2  is  absorbed.  The 
remainder  of  the  gas  now  passes  through  the  second  meter,  from 
which  it  emerges  to  the  atmosphere  by  way  of  the  water  aspirator. 
The  two  meters  are  connected  by  a  differential  gearing  to  the 
mechanism  driving  the  recording  pen.  The  volume  of  the  gas 
passing  through  the  second  meter  is  less  than  that  passing 
through  the  first  meter,  due  to  the  absorption  of  CO2,  and  the 
difference  in  these  volumes  is  equal  to  the  amount  of  CO2  absorbed 
in  the  absorption  chamber.  The  differential  gearing  worked  by 
the  two  meters  thus  causes  the  pen  to  rise  at  a  speed  dependent 
on  the  proportion  of  CC>2  absorbed.  After  a  certain  volume  of 
flue  gas  has  passed  through  the  first  meter,  the  pen  is  made  to 
drop  to  its  initial  position,  from  which  it  again  starts  to  record. 
It  is  necessary  that  the  gas  be  at  the  same  temperature  when 
passing  through  the  two  meters,  and  to  insure  this  being  the 
case  a  temperature  equalizer  is  provided  through  which  the 
gas  passes  just  before  entering  each  meter. 

The  CC>2  Thermoscope.  The  CO2  thermoscope,  a  new 
instrument  about  to  be  introduced  on  the  American  market 
by  the  Scientific  Materials  Company,  is  an  instrument  for  the 
determination  of  the  proportion  of  CO2  in  furnace  and  other 
gases,  operating  upon  an  entirely  new  principle,  viz.,  by  measur- 
ing the  heat  of  chemical  reaction  of  CO2  with  a  suitable  reagent. 
Some  of  the  advantages  claimed  for  it  over  the  Orsat  are: 

No  liquids  are  employed. 

No  accessory  apparatus  is  required. 

Infallible  in  its  operation. 

Always  ready  for  use. 

Gives  accurate  results  in  unskilled  hands. 

Shows  on  a  plain  scale  (graduated  directly  in  per  cent  CO*) 
the  CO2  percentage  of  the  gas. 
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Smokeless  Combustion.  A  series  of  extended  investigations 
has  been  undertaken  by  the  U.  S.  Geological  Survey  for  deter- 
mining the  conditions  under  which  bituminous  coal  may  be  burned 
in  boiler  plants  without  smoke.  Reports  of  these  investigations 
appear  in  the  Survey  bulletins  Nos.  334  and  373.  Messrs. 
Randall  and  Weeks  summarize  the  general  results  of  their  inves- 
tigations as  follows: 

"  Well-designed  furnaces  may  smoke  to  a  greater  or  less 
degree,  depending  on  the  methods  of  the  fireman,  the  kind  and 
size  of  coal  and  the  rate  at  which  the  coal  is  burned.  They  may 
be  expected  to  give  smokeless  combustion,  when  burning  a  suit- 
able coal,  except  under  the  following  unfavorable  conditions: 

"1.  When  fires  are  built.  The  furnace  not  being  heated  to 
the  required  temperature,  the  gases  cool  below  their  ignition 
point  and  escape  unburned. 

"  2.  When  so  much  coal  is  burned  on  the  grate  that  it  is  impos- 
sible to  supply  sufficient  air  without  frequent  poking.  This 
condition  usually  results  in  so  large  a  volume  of  gas  from  the  coal 
that  the  gas  cannot  be  properly  mixed  with  air  and  burned 
in  the  combustion  chamber.  On  reaching  the  boiler  surfaces  it 
is  cooled,  combustion  is  arrested,  and  soot  and  smoke  result. 

"  3.  When  the  rate  of  combustion  is  suddenly  increased,  as 
when  more  coal  is  added,  and  fires  are  poked  to  get  up  pressure 
in  short  time. 

"  4.  When  fires  are  checked  by  closing  doors  or  dampers,  thus 
cutting  off  the  air  supply.  Banked  fires  are  difficult  to  main- 
tain and  start  up  without  smoke.  Automatic  dampers  are  fre- 
quently the  cause  of  smoke  when  not  properly  adjusted 
or  designed." 

As  to  the  result  obtained  on  chain  grate  stokers  Messrs. 
Randall  and  Weeks  speak  as  follows: 

"  With  a  uniform  load  and  a  proper  setting  there  should  never 
be  any  smoke  with  this  equipment,  but  when  a  variable  load  is 
carried  a  faulty  method  of  operation  may  cause  the  emission 
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of  black  smoke.  In  a  chain  grate  plant  having  a  variable  load, 
with  the  fire  carried  up  to  the  water  back,  a  sudden  release  of 
load  will  require  the  reduction  of  draft.  Too  often  the  damper 
is  nearly  closed,  so  that  the  coal  on  the  grate  and  the  fresh  coal 
fed  to  hold  the  fire  are  burned  with  a  limited  air  supply,  causing 
the  stack  to  smoke  badly. 

"  Plants  equipped  with  the  chain  grate  can  be  made  to  carry 
a  very  variable  load  with  good  results  by  changing  the  thick- 
ness of  the  fire,  the  speed  of  the  grate  and  the  position  of  the  dam- 
per to  suit  the  load.  The  draft  should  not  be  reduced  below  a 
certain  value,  which  can  be  determined  by  each  plant  by  gradually 
closing  the  damper  and  watching  the  stack.  In  a  plant  where 
the  maximum  variations  of  load  are  nearly  the  same,  it  might  be 
necessary  to  vary  only  the  speed  of  the  grate  and  the  position 
of  the  damper.  The  damper  regulator  is  often  the  cause  of  a 
smoky  stack,  because  it  is  usually  set  to  choke  off  the  entire 
draft,  a  condition  which  is  never  necessary. 

"  Both  the  speed  of  a  chain  grate  and  the  slope  of  the  ignition 
arch  are  important.  Too  often  the  grate  is  run  so  fast  that 
volatile  matter  is  being  driven  from  the  coal  as  far  back  as  the 
center  of  the  grate;  usually  in  this  case  there  is  not  only  a  loss 
from  incomplete  combustion  of  the  gases,  but  also  losses  from 
unconsumed  carbon  in  the  ash  and  from  injury  to  the  grate. 
Live  coals  in  the  ash  pit  will  not  only  warp  a  grate,  but  gradually 
burn  it  up.  The  grate  should  not  be  run  so  fast  that  it  will  be 
hot  when  re-entering  the  furnace.  In  one  plant  where  a  high 
draft  was  carried  a  sloping  arch  was  removed  and  an  arch  built 
parallel  to  the  grate.  With  the  sloping  arch  the  stack  smoked, 
but  with  the  flat  arch  it  was  entirely  clean. 

"  With  chain  grate  equipment  a  plant  may  run  very  inefficiently 
if  the  fire  is  carried  only  on  the  front  half  of  the  grate,  as  some- 
times happens.  When  coal  is  burned  in  this  way  with  a  proper 
setting,  it  is  because  the  fireman  finds  it  the  easiest  way  to  carry 
a  variable  load  and  have  a  clean  stack,  demanding  less  of  his 
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attention  in  operation.  At  some  plants  the  boiler  is  forced  by 
firing  considerable  coal  through  the  inspection  door.  Although 
the  desired  result  is  accomplished  by  this  practice,  the  plant 
becomes  the  equivalent  of  a  hand-fired  plant  and  the  stack  will 
invariably  smoke  badly." 

General  Conclusions.  "  The  flame  and  the  distilled  gases 
should  not  be  allowed  to  come  into  contact  with  the  boiler  sur- 
faces until  combustion  is  complete. 

"  Firebrick  furnaces  of  sufficient  length  and  a  continuous 
or  nearly  continuous  supply  of  coal  and  air  to  the  fire  make  it 
possible  to  burn  most  coals  efficiently  and  without  smoke. 

"  Coals  containing  a  large  percentage  of  tar  and  heavy 
hydrocarbons  are  difficult  to  burn  without  smoke  and  require 
special  furnaces  and  more  than  ordinary  care  in  firing. 

"  Briquettes  are  suitable  for  use  under  power  plant  con- 
ditions when  burned  in  a  reasonably  good  furnace  at  the  tem- 
peratures at  which  such  furnaces  are  usually  operated.  In 
such  furnaces  briquettes  generally  give  better  results  than  the 
same  coal  burned  raw. 

"  In  ordinary  boiler  furnaces  only  coals  high  in  fixed  carbon 
can  be  burned  without  smoke,  except  by  expert  firemen  using 
more  than  ordinary  care  in  firing. 

"  Combinations  of  boiler-room  equipment  suitable  for  nearly 
all  power  plant  conditions  can  be  selected,  and  can  be  operated 
without  objectionable  smoke  when  reasonable  care  is  exercised. 

"  Of  the  existing  plants  some  can  be  remodeled  to  advantage. 
Others  cannot,  but  must  continue  to  burn  coals  high  in  fixed 
carbon  or  to  burn  other  coals  with  inefficient  results,  accompanied 
by  more  or  less  annoyance  from  smoke.  In  these  cases  a  new 
well-designed  plant  is  the  only  solution  of  the  difficulty.  Large 
plants  are  for  obvious  reasons  usually  operated  more  economically 
than  small  ones,  and  the  increasing  growth  of  central  plants 
offers  a  solution  of  the  problem  of  procuring  heat  and  power  at  a 
reasonable  price  and  without  annoyance  from  smoke 
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"  The  increasing  use  of  coke  from  by-product  coke  plants 
in  sections  where  soft  coal  was  previously  used,  the  use  of  gas 
for  domestic  purposes,  and  the  purchase  of  heat  from  a  central 
plant  in  business  and  residence  sections  all  have  their  influence 
in  making  possible  a  clean  and  comfortable  city." 

Determination  of  the  Density  of  Smoke.  Ringelmann's 
method  of  measuring  the  density  of  smoke  consists  in  a  compar- 
ison of  its  color  with  that  of  a  series  of  tints,  obtained  by  drawing 
black  lines  of  definite  width  and  definite  spacing  upon  a  white 
background.  Charts  about  8  inches  square  are  made  up  and 
placed  50  feet  from  the  observer  and  in  a  line  with  the  stack. 
The  smoke  is  recorded  as  being  No.  0,  1,  2,  3,  4  or  5,  according 
as  its  color  corresponds  with  No.  0,  1,  2,  3,  4  or  5  of  the  charts. 


01234  5 

FIG.  60. — Ringelmann's  Smoke  Charts. 

0.  No  smoke.  3.  Equivalent  to    60  per  cent  black 

1.  Equivalent  to  20  per  cent  black     4.  "     80       " 

2.  '   40  "        5.  "   100       " 

The  dimension  and  spacing  of  the  lines  for  the  different  charts 
are  as  follows: 


No.  0.  No  Smoke 

No.  1.  Light  Grey  Smoke. 


No.  2.  Darker  Grey  Smoke. .  .  . 
No.  3.  Very  Dark  Grey  Smoke. 

No.  4.  Black  Smoke 

No.  5.  Very  Black  Smoke 


All  White. 

Black  lines  1  mm.  thick  and  9  mm. 

apart. 
Black  lines  2.3  mm.  thick   and    7.7 

mm.  apart. 
Black  lines  3.7  mm.  thick  and   6.3 

mm.  apart. 
Black  lines  5.5  mm.  thick  and   4.5 

mm.  apart. 
All  Black. 
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Samples  of  the  lines  and  spacing  laid  out  an  a  greatly  re- 
duced scale  are  shown  in  Fig.  60. 

The  Eddy  Smoke  Recorder  is  an  instrument  which  records 
the  density  of  the  smoke  emitted  from  a  stack  by  continually 
drawing  from  the  flue  a  representative  sample  of  the  gas  and  caus- 
ing this  jet  of  gas  to  impinge  upon  a  chart  composed  of  porous 
paper.  This  chart  is  mounted  on  a  cylinder  operated  from  the 
clock  mechanism.  The  color  of  the  record  left  by  the  impinging 
flue  gas  is  a  measure  of  the  density  of  the  smoke. 
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CHAPTER  V 
METHODS  OF  TESTING  PRIME  MOVERS 

TESTS  on  prime  movers  may  be  classified  in  general  as 
Operating  Tests  or  Efficiency  Tests.  Operating  tests  include 
those  made  for  the  purpose  of  determining  the  conditions  under 
which  the  unit  and  its  auxiliaries  are  operating  with  a  view  to 
maintaining  most  satisfactory  operating  conditions  without 
special  reference  to  the  economy  of  operation.  Efficiency  tests 
are  made  for  the  purpose  of  establishing  the  relation  between 
power  output  and  energy  input.  This  relation  is  referred  to  as 
the  number  of  pounds  of  steam  consumed  per  horse-power  of 
output  or  as  percentage  of  efficiency.  To  obtain  this  information 
it  is  necessary  to  determine  the  rate  of  steam  consumption  of  the 
unit  under  various  conditions  of  operation.  Upon  the  accuracy 
with  which  this  measurement  of  the  steam  is  made  depends  the 
accuracy  of  the  entire  test  and  the  accuracy  of  all  information 
depending  upon  the  results  of  the  test. 

On  engine  tests  steam  consumptions  may  be  checked  by 
reference  to  the  indicator  diagrams  from  which  the  weight  of 
steam  can  be  figured.  In  tests  of  turbine  units,  where  the  flow 
of  steam  is  continuous,  steam  consumptions  may  be  checked  by 
means  of  the  steam  flow-meter.  Determinations  with  the  flow 
meter,  especially  on  large  units,  are  more  reliable  than  those 
made  by  actual  measurement  of  the  condensation  in  calibrated 
tanks. 

In  stations  equipped  with  surface  condensers  the  measurement 
of  steam  consumption  may  be  a  comparatively  easy  operation, 
while  in  plants  equipped  with  jet  condensers  the  problem  becomes 
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more  complicated,  involving  errors  which  may  make  the  measure- 
ment of  condensed  steam  so  uncertain  as  to  be  of  little  value. 

In  stations  where  the  entire  load  may  be  carried  upon  one 
unit  for  a  time,  or  where  one  unit  with  a  sufficient  number  of 
boilers  can  be  isolated  from  the  other  units,  a  combined  test 
upon  boilers  and  generator  will  give  most  satisfactory  results. 
In  such  case  the  water  is  weighed  as  supplied  to  the  boilers  and 
careful  corrections  applied  for  differences  in  water  level  in  boilers 
and  hot  wells  between  the  start  and  finish  of  the  test. 

Measurement  of  Power  Generated.  The  measurement  of 
power  output  in  both  engine  and  turbine  units  must  be  obtained 
from  carefully  calibrated  electrical  instruments,  upon  the  accu- 
racy of  which  again  in  large  measure  depends  the  accuracy  of 
the  general  results  of  thfc  test. 

Tests  of  Reciprocating  Engine  Units  and  their  Auxiliaries. 
Operating  Tests.  The  operation  of  the  unit  itself  is  a  continual 
test  of  the  condition  of  the  engine.  Every  operating  engineer  or 
oiler  comes  to  know  instinctively  from  the  sound  and  feeling  of 
the  engine  when  certain  unusual  conditions  are  developing. 
For  instance,  if  the  high  pressure  steam  valves  of  a  Corliss  engine 
are  running  short  of  oil  the  valves  will  run  hard  and  drag,  possibly 
will  "  stick  up  "  and  not  close  perfectly  when  released  by  the 
knock-off  cam;  a  piston  improperly  lubricated  will  drag  and  trans- 
mit a  vibration  to  the  whole  unit  which  is  positive  and  requires 
immediate  relief.  Valve  hooks  allowed  to  become  dirty  and 
gummed  up  with  oil  also  affect  the  operation  of  the  valves  and 
cause  bad  regulation.  Other  adjustments  in  connection  with 
the  proper  receiver  pressures  to  be  carried  at  different  loads, 
and  proper  vacuums,  tend  to  improve  regulation  and  give  most 
satisfactory  conditions  of  operation.  Such  tests  as  these  will  be 
continuously  made  by  the  operator. 

All  power  stations  equipped  with  reciprocating  engines  for 
main  generating  units  have — or  should  have — some  permanent 
arrangement  for  taking  indicator  cards  on  short  notice.  While 
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any  serious  derangement  of  the  valve  mechanism  can  be  quickly 
detected  by  the  action  of  the  engine,  still  it  is  advisable  from  the 
standpoint  of  highest  economy  to  see  that  the  valve  settings  are 
maintained  in  such  condition  as  to  give  proper  distribution  of 
load  over  the  cylinders  and  insure  smooth  running.  Eccentrics 
will  gradually  creep,  especially  on  large  units,  and  a  weekly  set 
of  indicator  cards  from  each  main  unit  when  operating  at  full 
load  will  be  nothing  more  than  the  proper  supervision  of  such 
an  unit  requires. 

Efficiency  Tests.  Tests  for  steam  economy  and  efficiency 
require  a  more  detailed  investigation  of  the  functions  taking  place 
in  the  engine.  For  such  an  investigation  the  following  data 
must  be  obtained : 

1.  Pressure,  temperature  and  quality  of  steam  entering  high 

pressure  cylinder. 

2.  Pressure,  temperature  and  quality  of  steam  leaving  low 

pressure  cylinder. 

3.  Indicated  horse-power  of  each  end  of  each  steam  cylinder. 

4.  Delivered  horse-power  from  entire  unit. 

5.  Quality    of    steam    and    quantity    of    condensation    in 

receiver. 

6.  Speed  of  engine. 

This  information,  in  connection  with  a  knowledge  of  the  engine 
dimensions,  length  of  stroke,  etc.,  is  sufficient  for  determining 
the  economy  of  the  unit.  The  following  data  is  from  a  test  on 
an  Allis-Chalmers  vertical  cross-compound  condensing  engine 
(46X94X60  inches)  and  represents  the  data  and  results  to  be 
obtained  while  making  a  typical  economy  and  efficiency  test  upon 
such  an  unit. 

Preparation  for  a  Test.  The  nature  of  the  information 
desired  in  regard  to  an  engine  will  to  a  large  extent  influence  the 
preparations  necessary  for  a  test.  If  the  object  of  the  test 
is  only  general — a  knowledge  being  desired  of  the  valve  settings 
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TABLE  XV 
TYPICAL  ENGINE  TEST  REPORT 

1  Length  of  run 6  Hours 

2  Revolutions  per  minute 75 . 0 

3  Steam  Pressure  at  Throttle,  gauge 179 . 4 

4  Steam  Temperature  at  Throttle,  degrees  F 430.7 

5  Degrees  Superheat 51.7 

6  Quality  of  Steam  at  L.P.  end  of  Receiver 92.74 

7  Vacuum  in  condenser,  inches  mercury 24 . 33 

8  Receiver  Pressure,  gauge 14.2 

9  Temperature  Circulating  Water  Inlet,  degrees  F 34.0 

10  Temperature                           "     Outlet,      "         64.0 

1 1  Temperature  Steam  at  Inlet  to  Condenser 135 . 0 

12  Temperature  Condensation  from  Condenser 66 . 2 

13  Ratio  Condensing  Water  to  Condensed  Steam 32.9/1 

14  Amount  of  Circulating  Water,  Gallons  per  hour 188,820 

15  Condenser  Leakage,  Pounds  per  hour 2,860 

16  Condensation  in  Receiver,  pounds  per  hour 1,941 

17  Total  Condensation  from  Condenser,  Including  Leakage. .  295,482 

18  Hourly        "              "            "               "               "       Ibs.  49,247 

19  Actual  Weight  of  Steam  to  Engine,  Total  pounds 289,968 

20  "          "        "       "      "      "      pounds  per  hour 48,328 

21  I.H.P.  H.P.  cylinder  HE 1,290.7 

22  I.H.P.  H.P.        "       CE1 1,122.1 

23  I.H.P.  LP.          "      HE 875.8 

24  I.H.P.  L.P.        "       CE 976.9 

25  Total  I.H.P.  H.P.  Cylinder 2,412.8 

26  Total  I.H.P.  L.P.  Cylinder 1,852.7 

27  Total  I.H.P.  of  Engine 4,265.5 

28  Steam  per  I.H.P.  per  hour,  pounds  actual 11 .33 

29  Total  Kilowatts  Developed 17,240 

30  Kilowatts  Developed  per  hour 2,873 

31  Steam  Consumption   Pounds  per  KW-hour 16.82 

32  "      "  D.H.P.-hour 12.55 

33  Field  Excitation,  Kilowatts  per  hour 29.38 

34  B.t.u.  Supplied  per  minute 1,033,418 

35  B.t.u.  Absorbed  by  circulating  water  per  minute 788,323 

36  B.t.u.  in  condensed  steam  in  receiver  per  minute 7,046 

37  B.t.u.  equivalent  of  I.H.P.  per  minute 180,943 

38  B.t.u.  Returned  from  condenser  per  minute 26,518 

39  B.t.u.  Lost  per  minute  in  radiation  and  unaccounted  for . .  30,588 

40  Mechanical  Efficiency,  per  cent 90 . 28 

41  Thermal  Efficiency,  per  cent 17 . 97 

42  Total  Efficiency,  per  cent 16.22 
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and  the  balancing  of  the  load  over  the  respective  cylinders,  the 
only  preparations  necessary  are  in  connection  with  the  rigging 
up  of  indicators  and  the  connecting  of  pressure  gauges  and 
thermometers  to  the  steam  line.  If  the  steam  economy  of  the 
unit  is  also  desired,  additional  preparations  for  accurately  col- 
lecting the  steam  as  delivered  from  a  tight  condenser  must  also 
be  made. 

Instruments.  In  determining  engine  data  it  is  first  of  all 
necessary  that  the  instruments  be.  accu- 
rate. For  the  measurement  of  steam 
temperatures  a  calibrated  thermometer 
should  be  used.  This  should  be  placed 
in  the  steam  pipe  on  the  engine  side  of 
the  throttle  valve.  The  thermometers 
shown  in  Fig.  61  serve  well  for  this 
purpose,  being  calibrated  by  the  makers 
before  leaving  the  factory  and  accom- 
panied by  a  calibration  card. 

Pressure  gauges  should  be  set  to  read 
accurately  throughout  the  range  in  which 
they  are  expected  to  work.  The  "  Dead 
Weight "  tester,  Fig.  62,  is  used  for  their 
calibration. 

Indicator  springs  should  be  carefully 
calibrated  in  accordance  with  the  method 
outlined  on  page  136. 

For  determining  the  quality  of  moist 
steam    a    steam  calorimeter   (see  pages 
100-103)   should    be    connected    to    the 
steam  pipe  close  to  the  engine  throttle 
and  determinations  made  at  regular  inter- 
vals throughout  the  test.    Steam  entering  the  low  pressure  cylinder 
will  be  wet  even  if  superheated  when  entering  the  high  pressure 
cylinder,  and  for  this  reason  its  quality  should  be  determined. 


FIG.  61.  —  Hohmann  & 
Maurer  High-tempera- 
ture Thermometers. 
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The  measurement  of  moisture  in  the  exhaust  from  the  low  pressure 
cylinder  involves  the  use  of  a  special  calorimeter  for  pressures 
below  atmospheric  and  is  seldom  determined  while  conducting 
an  efficiency  test.  The  determination  is  usually  made  as  an  inde- 
pendent test  as  outlined  on  page  103,  and  the  results  obtained 
applied  to  the  efficiency  test  of  the  engine. 

The  pressure  in  the  exhaust  of  the  low  pressure  cylinder  is 
indicated  by  a  mercury  column,  Fig.  63,  and  a  barometer,  Fig.  04, 


FIG.  62.— Dead  Weight  Tester. 

and  is  checked  by  a  thermometer  inserted  in  a  thermometer 
well  placed  at  some  point  in  the  pipe  close  to  the  condenser. 
Measurement  of  Condensation.  The  determination  of  the 
amount  of  steam  supplied  to  the  entire  unit  is  obtained  as  the  sum 
of  the  condensation  from  high  pressure  cylinder  and  receiver 
plus  the  condensation  collected  in  the  condenser.  The  receiver 
condensation  is  collected  by  running  the  drain  lines  into  a  trap 
which  is  arranged  to  discharge  into  a  tank  in  which  the  water 
is  weighed.  The  condensation  from  the  condenser  is  most 
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FIG.  63.— Mer- 
cury Column. 


conveniently  and  accurately  measured  by  running  the 
discharge  from  the  wet  pump  into  a  pipe  connecting 
with  two  carefully  calibrated  tanks.  These  tanks,  as 
shown  in  Fig.  65,  should  be  equipped  with  quick- 
opening  gate  valves  both  for  admitting  and  for  drain- 
ing out  the  water.  These  tanks  may  very  often 
be  conveniently  set  up  at  some  point 
£  below  the  level  of  the  pump  discharge 

in  the  engine  room  and  the  conden- 
sation from  any  of  the  units  diverted 
into  them  for  a  series  of  tests.  Many 
power  stations  are  equipped  with  a 
permanent  arrangement  of  this  sort. 

Condenser  Leakage.  It  is  essen- 
tial in  the  measurement  of  condensa- 
tion from  a  surface  condenser  that 
there  be  no  leakage  of  circulating 
water  into  the  condenser  which  would 
thereby  increase  the  apparent  amount 
of  condensation.  To  determine  as  to 
whether  such  leakage  exists  a  test 
should  be  made  upon  the  condenser, 
before  the  trial,  by  putting  on  the  full 
amount  of  circulating  water  and  main- 
taining avacuum  in  the  condenser 
equal  to  the  vacuum  to  be  maintained 
on  the  trial,  then  measuring  the  amount 
of  water  collected  from  the  wet  pump  when  no  steam 
is  admitted  to  the  engine.  On  surface  condensers  up 
to  1500  killowatt  capacity,  a  small  leakage  of  this 
sort  may  exist  and  may  be  corrected  for  without 
altering  the  accuracy  of  the  results.  On  larger  units 
where  tubes  are  long  and  steam  velocities  high,  the  FIG.  64.— 
condenser  leakage  has  been  found  to  vary  with  the  Barometer. 
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amount  of  load  handled  by  the  unit.  The  amount  of  this 
leakage  may  be  accurately  determined  by  the  method  given  in 
detail  on  page  147.  If  any  considerable  amount  of  leakage  is 
found  in  a  condenser  when  thus  tested  it  should  be  filled  with 
water,  the  leaks  located  and  stopped  before  continuing  with  the 
trial. 

Estimation  of  the  Amount  of  Steam  from  Indicator  Diagram. 
The  method  of  determining  the  amount  of  steam  supplied  to  an 


Fia.  65. — Measuring  Tanks  for  Condensation  on  Engine  Tests. 

engine  from  measurement  of  the  indicator  diagram  is  not  alto- 
gether satisfactory,  partly  because  it  is  difficult  to  get  a  card  or 
a  series  of  cards  from  which  the  true  average  load  conditions 
may  be  represented,  and  partly  because  of  the  uncertainty  as 
to  the  quality  of  the  steam  at  the  point  chosen  for  measurement 
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(usually  the  point  of  cut-off).  The  formula  for  this  determina- 
tion approved  by  the  American  Society  of  Mechanical  Engineers, 
is  as  follows: 

13, 

M.l 

in  which 

M.E.P.  is  the  mean  effective  pressure  measured  from  the 
diagram; 

c  the  proportion  of  the  forward  stroke  completed  at  cut-off; 

h  the  proportion  of  the  return  stroke  incompleted  at  com- 
pression; 

e  the  proportion  of  clearance  space; 

Wx  is  the  weight  of  1  cubic  foot  of  steam  at  the  cut-off; 

Wh  is  the  weight  of  1  cubic  foot  of  steam  at  the  compression 
pressure. 

This  formula  is  said  to  be  equally  applicable  to  single,  compound 
or  other  multiple  expansion  engines,  the  only  change  required 
being  in  the  mean  effective  pressure.  This  in  the  case  of  any 
given  cylinder  must  be  the  collective  M.E.P.  of  all  the  cylinders 
referred  to  the  one  under  consideration.  For  instance,  the 
figure  to  be  used  for  determining  the  steam  accounted  for  in 
the  high  pressure  cylinder  will  be  the  sum  of  the  M.E.P.  of  the 
high  pressure  cylinder  plus  the  M.E.P.  of  the  low  pressure  cylin- 
der times  the  cylinder  ratio.  In  the  case  of  the  low  pressure 
cylinder  the  figure  to  be  used  in  the  formula  would  be  M.E.P. 
of  L.P.  cylinder  plus  the  quantity  (M.E.P.  of  H.P.  cylinder) 
divided  by  the  cylinder  ratio. 

Indicator  Reducing  Motions.  The  preparations  for  indicat- 
ing a  large  engine  unit  may  be  greatly  simplified  by  a  permanent 
reducing  motion.  Such  an  arrangement  for  a  vertical  unit  is 
illustrated  in  Fig.  66.  By  releasing  the  spring  catch  at  the  top 
of  the  vertical  rod  the  pulley  on  the  lower  arm  is  brought  down 
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SIDE  ELEVATION 

FIG.  66. — Permanent  Reducing  Motion  for  Large  Engine  Units. 
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and  into  contact  with  the  angle  iron  fastened  to  the  cross-head. 
The  movement  of  the  cross-head  and  piston  is  thus  transmitted 
on  a  reduced  scale  to  the  vertical  rod.  Arms  fastened  to  this 
lod  at  convenient  distances  from  the  indicator  cocks  serve  for 
attaching  the  hooks.  For  small  engines  with  high  speeds  some 
form  of  pantagraph  reducing  motion  may  be  necessary,  but  as 
a  general  rule  the  reducing  wheel,  Fig.  67,  which  fastens  directly 
to  the  indicator,  answers  all  such  conditions. 

Indicators.  There  is  a  large  variety  of  indicators  almost 
any  one  of  which  answers  its  purpose,  when  new,  if  properly 
handled  and  operated.  The  most  convenient  indicator  and  the 


FIG.  67. — Indicator  Reducing  Wheel. 

one  least  subject  to  errors  from  change  in  spring  constant  due  to 
temperature  changes,  is  the  more  modern  form  of  outside  spring 
indicator,  Figs.  68  and  69.  When  very  accurate  work  is  desired  an 
indicator  should  be  placed  on  each  end  of  each  cylinder  during  a 
test,  thereby  avoiding  errors  from  the  compression  and  expansion 
of  the  volume  of  steam  contained  in  side  pipes  leading  to  three- 
way  cocks. 

Calibration  of  Indicator  Springs.  The  determination  of  the 
true  number  of  an  indicator  spring  can  be  easily  made  and  should 
be  accurately  known  where  any  approximation  to  accurate 
measurement  of  indicated  horse-power  is  desired.  The  determina- 
tion is  made  after  attaching  the  indicator  and  a  standard  pressure 
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gauge  to  a  common  pressure  header.  This  header  may  be  in  the 
form  of  a  drum  made  up  of  a  piece  of  6-inch  pipe  3  feet  long 
with  caps  screwed  on  either  end  and  tapped  to  receive  the 
indicator  cocks  and  pipe  connections  for  steam  admission  and 
exhaust.  In  making  the  calibration  the  steam  pressure  is  admitted 
to  the  drum  and  carefully  regulated  by  means  of  the  steam  valves. 


FIG.  68. — Outside  Spring  Indicator.       FIG.  69. — Indicator  Spring. 

Marks  are  then  made  on  an  indicator  card  at  each  5-pound  increase 
as  the  pressure  advances  from  zero  throughout  the  range  of  the 
spring.  At  each  point,  after  the  steam  pressure  has  been  care- 
fully adjusted,  the  indicator  beam  should  be  pressed  up  lightly 
with  the  finger  and  a  line  drawn,  then  while  holding  the  steam 
pressure  constant  the  indicator  beam  should  be  pressed  down 
and  another  line  drawn.  If  the  lines  fail  to  coincide,  the  true 
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line  should  be  taken  as  midway  between  the  two.  The  dis- 
tance between  the  lines  is  then  carefully  measured  and  a  correc- 
tion determined  for  each  of  the  pressures  at  which  the  lines  were 


FIG.  70.— Willis  Planimeter. 


FIG.  71. — Hopkins  Electric 
Speed  Counter. 


FIG.  72.— Portable  Auto- 
matic Speed  Counter. 


drawn.     From   these  an  average   correction  for  the  spring  is 
computed. 

Planimeter.    The  Willis  planimeter,  Fig.  70,  is  a  very  satis- 
factory type  of  instrument  for  the  measurement  of  indicator 
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diagrams.  With  it  direct  measurements  may  be  made  of  areas 
or  mean  effective  pressures. 

Engine  Speed.  Large  engines  of  comparatively  slow  speed 
may  well  be  equipped  with  automatic  recording  counters.  These 
may  be  read  at  15-minute  intervals  during  a  test  and  the  average 
speed  figured.  For  speeds  above  200  R.P.M.  one  of  the  many 
types  of  mechanical  speed  counters  should  be  employed,  Figs. 
71  and  72. 

To  Set  the  Valves  on  a  Corliss  Engine.*  First,  remove  steam 
and  exhaust  valve  covers  and  note  radial  lines  showing  opening 
or  working  edges  of  ports  and  valves  as  in  Fig.  73,  IV  and  V. 

Second,  see  that  the  rocker  arm  /?  moves  an  equal  distance 
each  side  of  plumb  line  by  rotating  eccentric  around  shaft,  and 
equalize  the  travel  of  same  by  adjusting  nuts  on  eccentric  rod. 

Third,  connect  hook  rod  I  to  its  pin  or  wrist  plate  and  again 
rotate  eccentric  around  on  shaft  and  adjust  extreme  points 
of  travel  of  wrist  plate.  If  above  parts  have  been  correctly 
adjusted,  the  line  d  on  hub  of  bracket  will  coincide  with  lines 
//  on  hub  of  wrist  plate  which  are  its  extreme  points  of  travel. 
If  not  correct  adjust  at  stub  end  of  hook  rod  I  to  obtain  desired 
equalized  motion. 

Fourth,  place  wrist  plate  in  central  position  (II)  accord- 
ing to  marks  c  and  d  and  fasten  it  there.  Draw  up  dash-pot 
rod  and  attach  steam  arm  block  to  hook.  Adjust  steam  valve 
ss  to  have  required  amount  of  lap,  shown  by  distance  between 
lines  a  and  b,  obtained  by  lengthening  or  shortening  rods  M 
and  M'.  Next  adjust  exhaust  valves  e  and  e'  so  that  the  work- 
ing edges  will  just  open  to  exhaust  ports,  in  other  words,  place 
lines  g  and  h  in  line  with  each  other.  Some  engineers  prefer  a 
slight  amount  of  opening  of  exhaust  ports,  under  which  condi- 
tions the  lines  g  and  h  will  stand  apart.  The  amount  of  this 
opening  should  be  less  than  the  lap  of  the  steam  valve;  other- 
wise there  would  be  danger  of  steam  blowing  through.  In 

*  W.  S.  Parker. 
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this  regard  it  is  best  to  be  guided  by  a  table  used  by  the  Corliss 
Engine  Co.,  of  Providence,  R.  I.,  which  gives  the  amount  of 
steam  lap  and  exhaust  opening  allowed  for  engines  having  but 
one  eccentric.  With  two  eccentrics  this  lap  would  be  a  negative 
amount. 


Diameter  of  Cylinder. 

Steam  Lap. 

Exhaust 
Opening. 

12" 

1" 

A" 

14"  to  16" 

A" 

A" 

18"  to  22" 

f" 

A" 

24"  to  28" 

A" 

A" 

30"  to  36" 

i" 

i" 

38"  to  42" 

A" 

A" 

Fifth,  move  wrist  plate  first  to  one  then  to  other  extreme 
position  with  starting  bar  and  carefully  adjust  lengths  of  dash- 
pot  rods  so  that  the  hook  will  latch  with  block  on  steam 
arm  when  dash-pot  plunger  is  down,  allowing  about  ^  inch 
clearance. 

Sixth,  place  hook  rod  on  wrist  plate  and  with  crank  on  dead 
center  move  eccentric  forward,  in  the  direction  in  which  the 
engine  is  intended  to  run,  to  show  an  opening  or  lead  of  the 
steam  valve  nearest  the  piston  of  from  y?  to  5  inch  according 
to  speed  the  engine  is  to  run.  (High-speed  engines  require  more 
lead  than  slow-running  engines,  other  things  being  equal.)  Now 
tighten  eccentric  on  shaft  and  move  crank  to  opposite  center 
and  note  if  other  steam  valve  is  set  relatively  the  same;  if  not, 
adjust  by  shortening  or  lengthening  rods  M  and  M'  slightly, 
as  may  appear  necessary. 

Seventh,  at  a  state  of  rest  the  weight  of  the  governor  balls 
rests  upon  a  pin  or  other  device  in  the  side  of  the  governor  column. 
To  adjust  the  cam  rods  GG'  have  balls  resting  upon  this  stop- 
motion  pin,  then  move  and  hold  wrist  plate  to  one  extreme  of 
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its  throw,  and  adjust  cam  rod  for  steam  valve,  now  wide  open, 
so  as  to  bring  steel  cam  on  cam  collar  C  (VI)  nearly  in  contact 
with  limb  of  cut-off  hook;  move  wrist  plate  to  other  extreme  of 
throw,  and  adjust  the  other  cam  rod  in  like  manner.  Next, 
remove  supporting  pin  P  (VII)  and  drop  governor  to  lowest 
position  and  see  that  the  safety  clips  on  lower  side  of  knock-, 
off  cam  C  are  adjusted  so  as  to  prevent  steam  hook  from  latch- 
ing with  steam-arm  block.  To  test  correctness  of  cut-off,  block 
governor  up  to  about  medium  height,  then  with  connections 
made  between  wrist  plate  and  eccentric,  turn  engine  slowly 
in  direction  it  is  to  run  and  when  cut-off  hook  is  detached  by  cam, 
stop  and  measure  upon  slide  the  distance  traveled  by  cross- 
head;  then  continue  turning  engine  and  note  when  other  steam 
valve  is  tripped.  If  cut-off  is  equal  the  distance  traveled  on 
slides  will  be  same;  if  not,  adjust  rods  GG'  until  points  of  cut- 
off are  alike. 

The  pin  in  side  of  governor  column  upon  which  the  weight 
of  the  balls  rests  is  to  be  removed  when  engine  is  up  to  speed. 
This  allows  stop-motion  cams  to  become  operative  and  stop  the 
engine  in  case  of  breakage  of  governor  belt,  which  would  other- 
wise allow  the  engine  to  run  away. 

NOTES.  In  the  above  single  eccentric  engine  the  latest  point 
of  cut-off  is  30  per  cent  of  stroke. 

Increasing  the  compression  reduces  range  of  cut-off  with  one 
eccentric  and  vice  versa. 

In  an  engine  equipped  with  two  eccentrics  it  is  possible  to 
obtain  any  desired  range  of  cut-off  or  any  amount  of  compression. 

Tests  of  Turbine  Units  and  their  Auxiliaries 

Operating  Tests.  Speed  Tests.  The  object  of  speed  tests  is 
two-fold :  first,  for  the  purpose  of  determining  the  range  of  action 
of  the  governing  mechanism  at  different  loads,  more  especially 
no  load  and  full  load,  and  second,  to  determine  the  frequency  of 
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the  machine  at  rated  speed,  or  the  speed  of  the  machine  at 
rated  frequency  when  other  conditions  of  field  voltage  and  satura- 
tion are  as  called  for  in  the  design  of  the  machine. 

The  range  of  control  of  the  synchronizing  spring  should 
be  through  wide  enough  limits  to  bring  the  frequency — if  run- 
ning in  parallel  with  other  machines — down  to  that  of  the  com- 
mon bus  when  running  without  load,  and  on  the  other  hand  the 
main  governor  spring  should  be  so  adjusted  as  to  hold  the  fre- 
quency up  when  the  unit  is  operating  under  normal  conditions  of 
full  load.  At  the  same  time  the  no-load  speed  must  be  such  that 
there  will  not  be  danger  of  tripping  the  emergency  mechanism. 
Three  to  four  per  cent  above  normal  is  the  usual  no-load 
speed. 

The  speed  conditions  under  which  any  given  machine  may 
operate  will  depend  to  a  certain  extent  upon  other  station  con- 
ditions and  must  be  determined  with  reference  to  the  particular 
installation. 

Probably  the  most  satisfactory  method  of  taking  speed 
reading  is  with  a  stop  watch  and  speed  counter.  Various  types 
of  tachometers  are  to  be  recommended  as  giving  accurate  read- 
ings and  are  desirable  when  a  continuous  indication  of  the  speed 
is  wanted.  The  smaller  instrument,  however,  gives  reliable 
results  for  making  occasional  speed  checks,  and  the  frequency 
indicator  answers  for  all  the  purposes  of  ordinary  operation. 

Emergency  trapping  devices  should  be  tested  at  least  once 
each  week  by  blocking  open  a  valve  and  allowing  the  machine 
to  speed  up  without  load  and  with  field  on.  If  the  machine  does 
not  trip  itself  out  when  overspeeded  10  per  cent  as  shown  on  the 
frequency  indicator,  an  examination  and  adjustment  of  the 
emergency  mechanism  should  be  made. 

Investigations  should  also  be  made  from  time  to  time  upon 
the  governor  itself.  After  varying  periods  of  operation  knife 
edges  begin  to  wear  and  the  delicacy  of  regulation  is  interfered 
with.  Machines  which  operate  at  about  the  same  load  most 
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of  the  time  will  show  wear  upon  the  faces  of  valve  cams  and  upon 
the  valve  rollers;  gear  teeth  in  the  transmission  system  between 
the  governor  and  valves  will  also  show  wear  and  seriously  interfere 
with  close  regulation.  On  vertical  Curtis  units  the  governor 
arm  will  sometimes,  after  continued  service,  begin  to  develop 
a  pumping  motion.  When  this  occurs  it  will  generally  be  found 
that  the  small  steel  cup,  into  which  fits  the  rounded  spindle  at 
the  bottom  of  the  spring  for  the  universal  joint,  has  become 
worn,  permitting  a  sidewise  motion  which,  when  transmitted 
out  to  the  governor  arm,  causes  it  to  oscillate  up  and  down. 

Tests  of  Vacuum  Pumps.  Proper  operation  of  these  aux- 
iliaries means  that  they  shall  do  the  work  for  which  they  are 
installed.  If  wet  pumps  fail  to  carry  away  the  condensation 
from  the  unit  satisfactorily,  trouble  may  be  located  in  the  pack- 
ing or  water  seals  of  the  glands;  in  worn  valves,  or,  in  the  case  of 
centrifugal  wet  pumps,  pieces  of  wood  or  other  foreign  matter 
may  have  become  wedged  in  the  arms  of  the  rotor,  thus  cutting 
down  the  discharge  capacity  of  the  pump.  A  sufficient  test 
for  centrifugal  wet  pumps  is  to  close  the  pump  discharge  valve 
and  with  the  aid  of  a  compound  pressure  and  vacuum  gauge 
note  the  discharge  pressure  when  the  pump  is  running.  If 
vacuum  is  indicated  there  is  excessive  leak  past  the  rotor  and  a 
more  detailed  inspection  should  be  made.  In  the  case  of  plunger 
pumps  any  leak  past  the  valves  will  be  indicated  by  a  vacuum 
on  the  discharge  side  of  the  pump  and  in  an  inability  of  the 
pump  to  steadily  discharge  the  water.  Tests  other  than  this 
are  seldom  necessary  on  wet  well  pumps  after  once  put  in  suc- 
cessful operation. 

Dry  vacuum  pumps  also,  if  properly  sized  for  the  service 
required,  will  need  little  special  attention  if  they  successfully 
maintain  proper  vacuums,  other  conditions  being  favorable. 
If  a  proper  operating  vacuum  is  not  maintained  the  following 
two  tests  may  be  made  to  locate  the  trouble: 

First,  tightly  close  the  suction  valve  on  the  air-cylinder  side 
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of  the  pump  and  with  the  pump  running  up  to  speed  note  the 
vacuum  in  the  pump  suction.  This  should  be  done  by  means 
of  a  mercury  column  connected  on  the  pump  side  of  the  inlet 
valve.  If  the  pump  pulls  a  very  high  vacuum,  say  to  within 
5  inch  of  the  barometer,  the  trouble  is  not  in  the  air  pump,  but  in 
the  condenser  or  turbine. 

Second,  if  the  vacuum  is  found  to  be  poor  with  the  suction 
of  the  air  pump  thus  blanked  off,  indicator  cards  should  be 
taken  on  both  air  and  steam  cylinders.  It  may  be  that  the 
valve  adjustment  has  become  disarranged,  or  the  flash  ports 
of  the  air  cylinders  so  gummed  up  as  to  be  inoperative.  In 
such  case  the  cylinders  will  be  unable  to  do  their  work  until 
readjustment  or  cleaning  has  been  done. 

It  is  sometimes  found  necessary  in  the  investigation  of  air 
pump  capacities  and  vacuums,  to  test  the  pumps  for  the  amount 
of  air  discharged  under  operating  conditions.  This  may  be 
successfully  accomplished  in  the  following  manner:  A  heavy 
wooden  box  of  suitable  capacity  (20  cubic  feet),  strongly  re-en- 
forced and  air  tight,  is  connected  to  the  exhaust  pipe  of  the  air 
pump  by  means  of  a  flange  and  gasket.  On  the  end  of  the  box 
farthest  from  this  connection,  and  covering  an  opening  in  the 
box  about  3  inches  in  diameter,  is  fastened  an  iron  plate.  This 
plate  is  tapped  in  its  center  to  receive  a  2-inch  iron  pipe  plug. 
Knife-edged  orifices,  varying  in  size  from  i  to  1J  inches  in 
diameter,  are  made  up  each  from  a  2-inch  plug.  These  orifices 
are  such  that  they  can  be  easily  changed  when  the  amount  of 
air  from  the  pump  increases  or  decreases  the  pressure  in  the  box 
by  too  great  an  amount.  (The  pressure  in  the  box  should  not 
be  allowed  to  become  greater  than  about  1  pound  per  square 
inch.)  By  means  of  these  orifices  of  known  area  and  a  U-tube, 
which  indicates  the  pressure  within  the  box  in  inches  of  water, 
along  with  records  of  the  temperature  of  the  air  within  the 
box,  height  of  the  barometer,  and  speed  of  pump,  very  accurate 
determinations  may  be  obtained  of  the  volume  of  air  delivered. 
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The  amount  of  air  flowing  through  such  an  orifice  is  obtained 
from  Fliegner's  equation: 


Ti 

where  pi=the  pressure  in  the  box,  pounds  per  square  inch; 

pa  =  pressure  of  the  atmosphere,  pounds  per  square  inch; 
Ti=the  absolute  temperature  of  the  air  in  the  box,  i.e., 

indicated  temperature  plus  460.7°  F.; 
a  =  area  of  orifice  in  square  inches; 
w  =  flow  of  air  through  the  orifice  in  pounds  per  second. 

Tests  of  Condensers.  Condenser  tests  will  be  chiefly  con- 
cerned with  the  relation  of  the  condenser  to  its  function  in  the 
power  plant,  namely,  the  complete  condensation  of  its  steam 
while  maintaining  the  highest  possible  vacuum.  To  completely 
condense  the  steam  delivered  from  a  generating  unit  to  a  surface 
condenser  means  that  there  shall  be  sufficient  cooling  surface 
within  the  condenser  and  sufficient  cool  water  flowing  within 
this  surface  to  absorb  the  latent  heat  of  the  steam.  To  main- 
tain highest  possible  vacuum  means  that,  after  the  steam  has 
been  completely  condensed,  the  capacity  of  the  air  pump  shall 
be  sufficient  to  remove  promptly  all  of  the  gases  brought  over 
by  the  steam.  These  gases  are  in  a  greatly  expanded  condition, 
due  to  their  reduction  in  pressure  within  the  condenser. 

The  objects  then  to  be  gained  in  making  tests  upon  such 
a  condensing  equipment  are  primarily  to  determine  just  what 
results  may  be  expected  under  varying  conditions  of  operation 
and  to  establish  conditions  of  highest  possible  operating  economy. 
Highest  condenser  efficiency  may  be  considered  as  prevailing 
when  the  highest  possible  vacuum  is  being  maintained  without 
the  necessity  of  expending  a  wasteful  excess  of  power  in  pumping 
more  than  the  necessary  amount  of  circulating  water  or  air.  The 
tests  to  which  such  a  condenser  must  be  subjected  in  the  investiga- 
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tion  of  its  operation  call  for  determinations  upon  the  following 

conditions : 
i 

1.  Load  upon  machine. 

2.  Vacuum  at  air  pump. 

3.  Vacuum  at  condenser  inlet. 

4.  Temperature  of  circulating  water  inlet. 

5.  Temperature  of  circulating  water  outlet. 

6.  Temperature  of  condensation. 

7.  Atmospheric  pressure  (barometer). 

8.  Temperature  and  pressure  of  steam  at  throttle  of  main 

unit. 

9.  Amount  of  opening  of  circulating  water  inlet  valve. 
10.  Pressure  in  discharge  of  circulating  water  pump. 

A  series  of  tests  may  then  be  made  as  follows: 

Available  Vacuum.  With  full  load  on  the  unit  and  maximum 
obtainable  vacuum  decrease  the  load  by  small  amounts,  main- 
taining other  conditions  of  operation  constant.  This  will  show 
the  maximum  vacuum  available  at  all  loads,  and  will  show  whether 
the  vacuum  increases  as  the  temperature  range  of  the  circulating 
water  becomes  less.  Having  thus  determined  the  maximum 
available  vacuums,  another  series  of  tests  should  be  made  at 
each  of  the  load  points  to  determine  to  what  extent  this  circulat- 
ing water  may  be  reduced  and  still  maintain  that  proper  range 
in  temperature  through  the  condenser  which  is  necessary  to 
maintain  the  maximum  vacuum. 

These  conditions  will  be  found  to  vary  with  the  inlet  tem- 
perature of  the  circulating  water.  For  this  reason  such  a  series 
of  tests  should  be  made  at  several  times  in  the  year,  at  the  various 
temperatures  of  circulating  water,  and  a  series  of  curves  made 
up  to  show  conditions  of  highest  economy  throughout  the  range 
of  temperature  of  the  circulating  water  supply. 

Condenser  tests,  as  a  rule,  are  best  made  in  connection 
with  steam  consumption  tests  and  their  results  referred  to  the 
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actual  turbine  performance.  This  is  discussed  below  in  connec- 
tion with  economy  tests. 

Condenser  Leakage.  One  of  the  most  important  tests  to 
be  made  in  connection  with  the  operation  of  a  surface  condenser 
on  a  turbine  unit  is  the  leakage  test.  High  vacuums  mean  large 
volumes  and  high  velocities  both  of  steam  outside  the  condenser 
tubes  and  of  circulating  water  inside  the  tubes.  High  velocities 
involve  more  or  less  impact  with  consequent  deflection  of  tubes, 
all  of  which  tend  to  develop  leaks  between  the  circulating  water 
and  the  condensation.  Ferrules  on  the  ends  of  the  tubes  will 
be  found  to  work  loose  and  occasionally  tubes  pit  through  or 
split.  The  effect  of  such  condenser  leakage  is  of  little  consequence 
as  far  as  the  steam  consumption  of  the  unit  is  concerned,  but 
going  directly  to  the  hot-wells  along  with  the  condensation,  it 
may  be  of  such  an  amount  as  to  change  an  otherwise  soft  and 
neutral  hot-well  supply  into  a  highly  alkaline  and  undesirable 
boiler  feed-water.  The  practice  in  modern  stations  is  to  make 
daily  alkalinity  tests  upon  the  condensation  of  each  unit,  thereby 
detecting  the  slightest  leaks  as  soon  as  they  occur  and  remedying 
the  condition  as  soon  as  it  becomes  serious. 

The  method  of  making  this  test  depends  upon  the  character 
of  the  circulating  water.  If  sea  water,  the  test  consists  in 
titrating  100  c.c.  of  the  condensation  with  normal  silver  nitrate 
solution,  using  a  drop  of  weak  solution  of  potassium  bichromate 
as  indicator,  thus  determining  the  amount  of  chlorine  present 
combined  in  the  sodium  chloride.  If  the  circulating  water  is 
but  weakly  alkaline,  as  in  the  case  of  river  or  lake  water,  the 
test  consists  in  titrating  100  c.c.  of  the  condensation  with  1/50 
normal  sulphuric  acid,  using  a  drop  of  a  solution  of  methyl- 
orange  as  indicator  (see  page  56).  A  blank  test  should  also  be 
made  upon  100  c.c.  of  distilled  water  and  the  correction,  if  any, 
applied  to  the  amount  of  acid  required  for  titrating  the  conden- 
sation. The  determination  of  the  amount  of  this  leakage  ne- 
cessitates a  knowledge  of  the  steam  consumption  of  the  unit, 
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which  when  once  established  for  the  range  of  load  carried  by  the 
machine  makes  the  leakage  determinations  simple  and  accurate. 
(The  method  of  determining  these  steam  consumptions  by  means 
of  the  steam  flow-meter  is  explained  below,  page  154.)  The 
ratio  of  the  alkalinity  of  the  condensation  to  the  alkalinity  of 
the  raw  circulating  water  is  practically  the  same  as  the  ratio  of 
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FIG.  74. — Curve  for  Determination  of  Condenser  Leakage. 

the  amount  of  leakage  to  the  amount  of  condensation.  For 
each  load  on  the  unit,  then,  for  which  the  steam  consumption 
per  kilowatt  is  known,  a  set  of  curves  can  be  drawn,  similar  to 
Fig.  74,  which  will  show  the  pounds  of  leakage  corresponding 
to  a  given  alkalinity  of  condensation  at  any  given  alkalinity  of 
circulating  water. 

Tests    of    Oiling    System.     Operating    tests    in    connection 
with  the  oiling  system  of  a  turbine  unit  include  investigation  of; 


METHODS  OF  TESTING  PRIME  MOVERS  149 

1.  The  amount  of  oil  used. 

2.  Temperature  of  the  oil. 

3.  Quality  of  the  oil. 

On  vertical  Curtis  turbine  units  where  the  oiling  system 
is  separate  from  the  main  unit  the  amount  of  oil  used  in  the 
different  parts  of  the  machine  may  be  easily  checked  up  at  the 
points  of  return  from  the  bearings,  cylinder  or  steps.  In  the 
horizontal  units  the  amounts  may  also  be  checked,  but  not  so 
conveniently.  The  amount  of  oil  flowing  will  depend  somewhat 
upon  the  nature  of  the  oil  itself  and  upon  the  condition  of  the 
bearings.  In  the  hydraulic  cylinder  for  operating  the  valve 
gear  the  amount  will  depend  upon  the  rapidity  with  which  the 
load  fluctuates,  a  rapidly  fluctuating  load  requiring  the  discharge 
of  more  oil  from  the  cylinder  than  a  steady  load.  Step  bearings 
supporting  heavy  machines  will  require  higher  step  pressures, 
and  hence  more  oil  will  flow  than  in  the  case  of  smaller  machines. 

The  General  Electric  Company  furnishes  a  table  of  approx- 
imate amounts  of  oil  flowing  and  the  pressures  in  different  vertical 
turbine  sets  on  the  following  page,  Table  XVI. 

The  temperature  of  oil  flowing  in  a  turbine  system  should 
not  be  allowed  to  become  too  high.  Temperatures  should  be 
taken  frequently  in  the  overflow  lines  from  bearings,  cylinder 
and  steps,  and  cooling  coils  so  operated  as  to  keep  the  tempera- 
ture well  within  working  limits.  Average  temperatures  as  high 
as  150°  F.  are  successfully  maintained. 

The  quality  of  the  oil  should  be  tested  from  time  to  time  to 
insure  that  the  viscosity  is  not  increasing  either  from  the  presence 
of  some  saponifiable  substance  or  from  the  gradual  separating 
out  and  emulsification  of  the  paraffin  of  the  oil  with  water. 
Serious  trouble  may  suddenly  develop  if  oil  is  permitted  to  become 
thick  or  very  dirty.  All  turbine  oil  before  it  is  used  in  the 
machines  should  be  subjected  to  the  emulsification  test  described 
on  page  180.  The  General  Electric  Company  recommend  that 
oil  for  this  service  should  meet  certain  specifications. 
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TABLE  XVI 
OIL  DATA  FOR  TURBINES 


Rating. 

Stages. 

Speed. 

Gallons  of  Oil  per  Minute. 

Lbs.  per  sq.  inch. 

KW. 

KW. 

Max. 

Step 
Bear- 
ing. 

Guide 
Bear- 
ing. 

Hy- 
draulic 
Cylin- 
der. 

Total. 

Step. 

Baf- 
fler 
Drop. 

Pump. 

500 
500 

800 
1000 
1000 

1500 
2000 
2250 

3000 

5000 
5000 
8000 

2 
4 
2 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
4-5 
5 
4 
5 
5 

1800 
1800 
1800 
1500 
1500 
1200 
1500 
1800 
900 
750 
900 
900 
720 
750 
900 
750 
500 
750 
750 
750 
750 

2 
3 
3 
4 
4 
4 
4 
4 
4.5 
9 
9 
4.5 
12 
9 
9 
15 
8 
18 
12 
15 
18 

1 
.75 

1.5 
1.5 
1.5 
1.5 
1.75 
1.75 
1.5 
2 
2 
1.5 
2.5 
2 
2 
3 
3 
3 
3 
3 
3 

1.5 

2.5 
2.5 

2.5 
2.5 
2.25 
2.25 

5 
5 

4.5 
3.75 
7 
8 
8 
8 
8 
8 
6 
16 
16 

180 
160 
260 
230 
250 
240 
320 
320 
475 
450 
400 
525 
560 
625 
625 
805 
550 
880 
900 
900 
900 

45 
290 
60 
65 
65 
65 
65 
65 
425 
90 
90 
425 
100 
100 
100 
150 
120 
150 
120 
150 
150 

225 
450 
320 
295 
315 
305 
385 
385 
900 
540 
490 
950 
660 
725 
725 
950 
670 
1030 
1020 
1050 
1050 

750 

1,500 
1,500 

2,500 

6.5 
5 
5 

7 
5 
9 
6 
7 
9 

21 
16 
16 
25 
16 
30 
21 
25 
30 

3,500 
3,750 

5,000 
9,000 
14,000 

The  oil  must  be  a  pure  mineral,  hydrocarbon  oil  free  from: 

1.  Tarry,  slimy,  or  saponifiable  matter. 

2.  Acid,  soaps  or  thickeners. 

3.  Water,  dirt,  grit,  or  other  suspended  matter. 

The  specific  gravity  should  be  between  .855  and  .860  at 
60°  F. 

The  flashing  point,  open-cup  tester,  must  not  be  below  334°  F. 

The  viscosity  as  determined  by  the  Dudley  pipette  should 
be  between  45  and  56  at  100°  F. 
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Tests  of  Ventilating  System.  The  object  of  the  ventilating 
system  on  a  turbine  being  to  furnish  sufficient  air  to  the  windings 
to  keep  the  temperature  rise  within  certain  limits,  it  is  essential 
that  the  ducts  and  the  openings  in  the  ducts  be  of  sufficient 
size  to  supply  the  necessary  amount 
of  air  without  involving  extreme 
velocities.  Five  thousand  feet  per 
minute  is  not  an  uncommon  velocity 
in  ducts  comparatively  'free  from 
water  and  dirt.  Tests  for  such  air 
velocities  are  made  with  an  anemom- 
eter, Fig.  75. 

The  test  for  rise  in  temperature 
of  the  air  while  passing  through  the 
windings  is  made  by  measuring  the 
temperature  inside  the  duct  just 
before  the  air  enters  the  machine  and 
again  where  the  air  leaves  the  ma- 
chine. Generators  are  guaranteed  to 

have  a  temperature  rise  not  to  exceed  a  certain  figure.     In  the 
12,000  kilowatt  Curtis  machines  this  figure  is  50°  C. 

A  device  now  commonly  installed  for  measuring  the  rise  in 
temperature  through  the  windings  of  a  turbine  consists  in  a 
series  of  small  auxiliary  coils  of  known  resistance  which  are 
laid  in  between  the  main  coils  of  the  unit.  The  terminals  from 
these  auxiliary  coils  are  led  off  and  the  temperature  rise  at  each 
point  determined  from  the  change  in  the  resistance  of  the  coil. 

Turbine  Efficiency  Tests.  The  object  of  turbine  economy 
and  efficiency  tests  is  to  establish  the  relation  between  the  energy 
output  of  the  machine  and  the  corresponding  energy  input  under 
varying  conditions  of  operation.  The  successful  accomplishment 
of  this  end  involves  an  accurate  determination  of  the  quantity 
of  steam  supplied  to  the  unit  as  well  as  an  accurate  record  of  the 
conditions  under  which  it  is  supplied.  There  are  two  possible 


FIG.  75. — Anemometer. 
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methods  of  determining  the  amount  of  steam  supplied  to  a 
unit.  One  is  by  direct  measurement  of  the  condensation  as  it 
is  delivered  from  the  wet  pump,  the  other  is  by  estimation  of  the 
quantity  of  steam  flowing  in  the  supply  pipe  as  indicated  by  the 
steam  flow-meter. 

Weighing  the  Condensation.  The  first  method,  that  of 
direct  collection  and  weighing  of  the  condensation,  is  an  accurate 
one  and  is  the  best,  provided  the  corrections  which  are  to  be 
applied  for  condenser  leakage  and  for  gland  water,  or  water  from 
any  other  source,  are  constant  throughout  the  entire  period  of 
the  test.  As  stated  above,  it  is  a  well-established  fact  that  if 
any  leakage  is  found  to  exist  in  a  condenser  when  tested  for 
leakage  without  load,  the  amount  of  leakage  will  be  greater  when 
the  load  is  put  upon  the  machine,  even  though  the  tubes  be  well 
baffled  and  the  exact  operating  pressures  be  applied  to  the  con- 
denser tubes  during  its  test.  Even  when  no  leakage  is  found 
prior  to  a  test,  serious  leaks  have  developed  when  a  heavy  load 
has  been  put  upon  the  unit.  For  this  reason  the  standard 
method  of  determining  condenser  leakage  is  of  little  satisfaction 
in  applying  leakage  corrections  throughout  a  test,  especially  when 
conducted  upon  a  machine  when  loaded  nearly  to  its  capacity. 

As  to  the  method  of  determining  this  condenser  leakage  it 
has  been  customary  heretofore  to  raise  the  vacuum  on  the 
condenser  to  operating  pressure  and,  without  load  on  the  unit, 
to  determine  the  amount  of  circulating  water  which  would  find 
its  way  into  the  steam  space  of  the  condenser,  the  amount  of 
circulating  water  flowing  being  the  same  as  the  amount  used 
under  load  conditions.  A  test  of  this  sort  made  prior  to  the 
run  on  the  generating  unit  and  again  made  at  the  completion 
of  the  test  has  been  considered  an  accurate  measurement  of 
the  leakage  correction.  A  more  accurate  and  simple  method 
is  that  of  testing  the  alkalinity  of  the  condensation  and  com- 
paring it  with  the  alkalinity  of  the  circulating  water  at  intervals 
throughout  the  test,  more  especially  after  each  change  in  load. 
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The  alkalinities  thus  found  referred  to  the  curves  of  leakage 
for  the  given  load  indicate  the  pounds  of  leakage  per  hour. 
The  method  of  making  this  titration  for  alkalinity  as  explained 
above  (page  56) ,  is  a  most  simple  one. 

The  chemical  quality  of  the  steam  should  also  be  taken  into 
account  in  connection  with  establishing  leakage  corrections 
on  this  basis.  Steam  from  boilers  whose  water  is  treated  with 
soda  ash,  or  any  other  chemical  which  produces  a  concentration 
within  the  boiler,  will  be  found  to  carry  along  with  it  a  slight 
amount  of  gaseous  matter  which  will  impart  a  slightly  alkaline 
reaction  to  the  condensation.  For  this  reason,  a  small  amount 
of  the  steam  should  be  blown  into  a  weighed  amount  of  distilled 
water  (or  water  of  known  alkalinity)  and  from  the  alkalinity 
of  the  mixture  the  constant  alkalinity  of  the  steam  can  be 
determined.  This  constant  amount  should,  of  course,  be  deducted 
from  each  alkalinity  determination  on  the  condensation  dur- 
ing the  test  of  the  main  unit. 

One  other  correction  should  be  applied  in  the  case  where  the 
gland  water  from  the  wet  pump  mixes  with  the  condensation. 
The  amount  of  this  water  is  practically  constant  and  can  be 
determined  by  conducting  a  leakage  test  upon  the  condenser 
with  no  circulating  water  in  the  tubes.  The  alkalinity  and 
amount  of  this  gland  water  will  determine  the  small  additional 
correction  to  be  applied  to  the  alkalinity  readings  on  the  condensa- 
tion and  the  amount  to  be  deducted  from  the  actual  weight  of 
water  as  collected. 

In  making  direct  measurement  of  the  condenser  leakage, 
as  explained  above,  it  is  necessary  that  the  difference  in  pressure 
between  the  inside  and  outside  of  the  condenser  tubes  be  the 
same  as  that  existing  during  the  operation  of  the  main  unit; 
in  other  words,  the  vacuum  within  the  condenser  must  either 
be  up  to  the  operating  pressure  or,  if  the  air  pump  will  not 
maintain  such  a  vacuum  without  steam  flowing  into  it  from  the 
unit,  enough  pressure  must  be  built  up  within  the  condenser  tubes 
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by  means  of  the  circulating  water  to  make  up  for  this  reduction 
in  vacuum.  In  this  connection  the  pressure  or  vacuum  in  the 
circulating  water  discharge  pipe  must  be  taken  into  considera- 
tion. 

It  will  usually  be  found  that  the  operating  vacuum  can  be 
maintained  for  a  condenser  leakage  test  if  the  steam  seals  are 
left  on.  It  is  not  always  customary,  however,  to  include  this 
small  amount  of  steam  with  the  leakage  correction,  in  which 
case  the  above  method  for  obtaining  operating  pressures  in  the 
condenser  must  be  resorted  to. 

By  properly  applying  the  above  corrections,  the  method 
of  direct  measurement  of  the  condensation  may  be  made  suc- 
cessfully. The  manner  of  collecting  this  condensation  for  measure- 
ment should  be  by  the  use  of  calibrated  tanks  or  tanks  and  scales 
similar  to  those  described  on  page  132. 

Quantity  of  Steam  by  Flow-meter.  The  other  method  of 
determining  the  amount  of  steam  being  used  in  a  turbine  unit, 
that  of  the  steam  flow-meter,  measures  the  steam  before  it  enters 
the  unit  and  eliminates  all  corrections  for  condenser  leakage, 
gland  water,  etc.  This  simplifies  the  problem  of  conducting 
turbine  efficiency  tests  to  a  large  extent  and  makes  possible  the 
direct  investigation  of  the  relation  of  different  operating  condi- 
tions to  steam  economy. 

The  type  of  flow-meter  best  suited  to  turbine  test  work  is 
that  of  the  General  Electric  Company  known  as  type  TS-2 
indicating  flow-meter,  Fig.  76.  The  principle  on  which  it  works 
is  practically  the  same  as  that  of  the  indicating  flow-meter  rec- 
ommended for  boiler  work  (Type  FS-2,  Fig.  16).  The  TS-2 
instrument  differs  from  the  dial  instrument  in  that  it  is  arranged 
so  that  the  deflection  of  the  mercury  in  the  U-tubes  is  referred 
directly  to  curves  mounted  upon  a  cylinder  between  the  tubes. 
The  reading  thus  obtained  from  the  curves  must  be  multiplied 
by  the  area  of  the  pipe  in  square  inches  in  order  to  determine 
the  rate  of  steam  flow  in  pounds  per  hour.  The  accuracy  which 
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may  be  attained  in  the  use  of  this  instrument  will  depend  upon 
the  care  with  which  it  is  set  up  and  adjusted  and  upon  the  amount 
of  the  mercury  deflection  which  the  particular  steam  velocities 
will  cause.  The  General  Electric  Company  has  prepared  curves 
showing  the  accuracy  which  may  be  expected  with  their  flow- 
meters.  One  set  of  these  curves  is  shown  in  Fig.  77  with  the 
explanations  which  accompany  it.  From  these  curves  it  will 
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FIG.  76.— Type  TS-2  General  Electric  Steam  Flow-meter. 

be  seen  that  where  there  is  sufficient  velocity  in  the  pipe  to  give 
a  deflection  of  1  inch  of  mercury  the  possible  percentage  of  error 
will  lie  within  the  limits  of  plus  or  minus  2  per  cent.  This 
percentage  decreases  rapidly  as  the  deflection  increases. 

The  Type  TS-2  meter  has  adjustments  for  different  amounts 
of  steam  pressure,  superheat,  or  moisture,  thus  making  it  pos- 
sible to  obtain  the  correct  point  on  the  curve  directly,  and  mak- 
ing it  necessary  to  apply  but  the  one  constant  for  all  readings 
obtained  from  the  meter. 
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Data  for  a  Turbine  Test.  The  data  to  be  obtained  in  deter- 
mining the  operating  conditions  under  which  an  efficiency  test 
is  run,  aside  from  the  amount  of  steam  used,  is  as  follows: 
Temperature  and  pressure  of  the  steam  at  throttle;  load  read- 
ings; vacuum  in  condenser;  temperature  readings  on  circulating 
water  and  condensation. 

Load  readings  should  be  obtained  from  carefully  calibrated 
station  instruments  or  from  special  laboratory  instruments  if 
these  are  available.  In  the  case  of  taking  load  readings  from 
station  instruments,  it  is  more  satisfactory  to  use  one  carefully 
calibrated  integrating  wattmeter  rather  than  to  attempt  to  read 
indicating  ammeters  and  wattmeters  and  make  up  average  load 
figures  from  the  readings  of  all  of  the  instruments.  Aside  from 
the  difficulty  in  reading  indicating  meters  accurately  and  satis- 
factorily, observers  are  very  apt  to  be  influenced  in  reading  one 
instrument  by  the  reading  of  another  adjacent  to  it. 

Steady  loads  should  be  maintained  wherever  possible  for 
test  runs,  but  if  such  load  is  not  available,  readings  should_be 
taken  at  short  enough  intervals  to  include  the  full  range  of  the 
fluctuations. 

Records  of  steam  temperature,  pressure,  etc.,  give  the  data 
upon  which  to  figure  the  energy  input  of  the  machine,  while 
the  load  readings,  temperature  of  condensation,  and  quality  of 
exhaust  steam  give  the  data  from  which  to  trace  the  ultimate 
disposition  of  the  energy.  The  quality  of  the  steam  in  the  exhaust 
is  a  somewhat  delicate  test,  and  an  average  figure  is  applied 
as  determined  in  the  tests  explained  on  page  105. 

The  following  report  of  a  test  on  a  4000-kilowatt  60-cycle 
Curtis  horizontal  turbine  illustrates  the  data  to  be  obtained 
and  the  manner  of  arranging  it: 

Length  of  Run 6  Hours 

R.P.M.  of  Generator 1,787 

Steam  Pressure  at  Throttle,  gauge 174 . 6 

Steam  Temperature  at  Throttle, • 448.0 

Degrees  of  Superheat 71.0 
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Stage  Pressures,  1st.,  Lbs.,  gauge  59 .2 

2d.      "        "       20.5 

3d.,  Vacuum,  inches  mercury 3 . 58 

4th.         "                         "        14.25 

5th.         "           "             "        24.08 

6th.         "           "             "       2825 

Barometer 29.99"  Hg 

Vacuum  at  Base  of  Turbine 28. 68" Hg 

Absolute  Back  Pressure  at  Base  of  Turbine 1 .31"  Hg 

Vacuum  at  Air  Pump  Inlet 29. 19"  Hg 

Absolute  Back  Pressure  at  Air  Pump  Inlet 0.80"  Hg 

Drop  in  Vacuum  through  Condenser 0.51"  Hg 

Temperature  Circulating  Water  Inlet 33 . 5°  F. 

Temperature  Circulating  Water  Outlet 49.0°  F. 

Rise  in  Temperature  through  Condenser 15.5°  F. 

Circulating  Water,  Gallons  per  Minute 7,625 

Ratio  Circulating  Water  to  Condensed  Steam 60.2/1 

Condenser  Leakage,  Steam  Seals  and  Wet  Pump  Glands.  1,002 

Total  Water  Collected,  pounds 386,290 

Steam  to  Turbine,  Pounds  per  Hour 63,380 

Total  Kilowatts  Developed  (Recording  Wattmeter) 23,860 

Average  Kilowatts  Developed  per  Hour 3,977 

Actual  Steam  Consumption  per  Kilowatt  Hour 15.94 

Steam  Consumption  Referred  to  Conditions  of  Guarantee .  16 . 24 

HEAT  BALANCE 

B.t.u.  Supplied  to  Turbine  per  Minute 1,306,326 

B.t.u.  Absorbed  by  Condenser  per  Minute 987,096 

B.t.u.  Equivalent  of  D.H.P.  per  Minute 226,253 

B.t.u.  Returned  to  Hot  Well  per  Minute 20,281 

B.t.u.  Lost  per  Min.  in  Friction,  Radiation  and  Unaccounted 

for. 72,696 

Thermal  Efficiency 17.32% 

Total  Efficiency 17.58% 

In  the  above  test  only  the  average  figures  for  the  six  hours 

are  recorded.  It  is  customary,  however,  to  make  hourly  checks 
upon  such  tests  and  make  up  the  report  in  such  a  manner  as  to 

include  the  figures  for  each  hour  of  the  run  as  well  as  the  average 
figures  for  the  six  hours. 

On  tests  where  it  is  desired  to  reduce  the  figures  to  a  basis 
upon  which  the  tests  of  other  units,  or  the  same  unit  under 
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different  conditions,  may  be  compared,  it  is  customary  to  refer 
the  steam  consumptions  as  found  on  the  test  conditions  to 
another  standard  set  of  conditions.  These  conditions  are  usually 
those  upon  which  the  steam  consumptions,  as  guaranteed  by  the 
makers,  are  based.  In  such  case  the  summary  of  hourly  averages 
is  made  up  and  arranged  in  the  following  form: 

TABLE  XVII 

FORM    OF  REPORT  FOR   TURBINE   EFFICIENCY   TEST 
REFERRED   TO  GUARANTEE  CONDITIONS 


Pressure. 

Superheat. 

Vac- 
uum. 

Load. 

Net  Steam  —  Ibs. 

Water  Rate  —  Ibs.  per 
KW.  Hour. 

Actual. 

Referred  to 
Guarantee 
Conditions. 

Actual. 

Referred  to 
Guarantee 
Conditions. 

• 

In  referring  steam  consumptions  from  actual  test  conditions 
to  the  conditions  upon  which  the  guaranteed  steam  consumptions 
are  based,  various  somewhat  arbitrary  scales  are  used  by  makers 
varying  with  the  type  and  size  of  their  machines.  Four  12,000- 
kilowatt  Curtis  turbines  supplied  to  a  large  power  company 
were  guaranteed  under  the  following  conditions: 

Absolute  back  pressure 2"  mercury 

Superheat 60°  F. 

Steam  pressure 170  Ibs.  gauge 


The  machines  were  guaranteed  to  have  the  following  steam 
consumptions  under  the  above  conditions: 
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At  full  load,  12,000  KW 16.4  Ibs.  per  KW.  hr. 

At  f  full  load,  9000  KW 16.4        " 

At  i  full  load,  6000  KW 17.2 

The  scale  of  adjustment  for  conditions  varying  from  the 
above  is  as  follows: 

Each  13  degrees  of  superheat  changes  guarantee 1% 

Each  10  pounds  of  steam  pressure  changes  guarantee 1% 

Each  1"  absolute  back  pressure  changes  guarantee 6% 

For  two  4000-kilowatt  horizontal  turbines  the  maker's  guaran- 
tee is  based  on  the  following  conditions: 

Absolute  back  pressure 2"  mercury 

Superheat 100°  F. 

Steam  pressure 175  Ibs.  gauge 

The  guaranteed  steam  consumptions  are: 

At  full  load,  4000  KW 15.7  Ibs.  per  KW.  hr. 

At  f  full  load,  3000  KW 16.0 

At  £  full  load,  2000  KW 16.9 

These  figures  being  subject  to  correction  upon  the  same  basis 
as  for  the  12,000  kilowatt  units. 

The  two  curves  of  Fig.  78  show  the  difference  between  the 
steam  consumptions  of  a  12,000-kilowatt  turbine  as  figured  from 
actual  operating  conditions  and  the  same  steam  consumptions 
referred  to  a  fixed  set  of  conditions.  The  lower  curve  is  figured 
from  operating  conditions  and  shows  less  steam  consumption 
per  kilowatt  hour  due  to  the  increasing  vacuum  as  the  load  was 
lessened.  The  upper  curve  is  figured  from  operating  conditions 
corrected  to  the  conditions  under  which  the  maker's  guarantees 
apply. 
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The  Relation  of  Variable  Condenser  Conditions  to  Turbine 
Economy.  The  use  of  the  steam  flow-meter  makes  it  entirely 
practicable  to  determine  the  relation  of  variable  condenser  con- 
ditions to  turbine  economy.  The  condenser  tests  referred  to 
above  can  be  made  of  much  more  value  by  thus  determining  the 
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Fia.  78. — Steam  Consumption  Curves  for  12,000-kilowatt  Turbine.     Actual 
and  Referred  to  Guarantee  Conditions. 

amount  of  steam  required  by  the  main  unit  under  the  varying 
condenser  conditions.  Table  XVIII  shows  the  results  of  one 
euch  test.  Here  it  will  be  seen  that  the  steam  consumption  on 
the  lighter  loads  has  decreased  because  of  an  increase  in  the 
vacuum.  This  increase  in  the  vacuum  is  directly  due  to  the 
greater  amount  of  circulating  water  per  pound  of  steam  that 
it  was  possible  to  put  through  the  condenser  at  the  lower  loads. 
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KW.  Load. 

Vacuum. 

Steam  per 
KW. 

Steam  per 
Hour. 

Steam  Lbs. 
per  Min. 

B.t.u.  Absorbed  by 
Cond.  per  Min. 

12,000 

27.87 

16.28 

195,360 

3,256 

3,503,456 

11,000 

28.00 

16.20 

178,200 

2,970 

3,185,325 

10,000 

28.06 

16.16 

161,600 

2,693.3 

2,914,150 

9,000 

28.25 

16.02 

144,180 

2,403 

2,592,837 

8,000 

28.37 

15.92 

127,360 

2,122.6 

2,288,163 

7,000 

28.56 

15.74 

110,180 

1,836.3 

1,997,894 

6,000 

28.78 

15.71 

94,260 

1,571 

1,718,674 

5,000 

28.84 

15.88 

79,400 

1,323.3 

1,449,014 

4,000 

28.88 

16.23 

64,920 

1,082 

1,184,790 

KW.  Load. 

Rise  in 
Temp,  of 
Cir.  Water 

Total  Lbs. 
Cir.  Water 
per  Min. 

Lba.  Cir. 
Water  per 
Min.  per 
Kilowatt. 

Lbs.  Cir. 
Water  per 
Pound  of 
Steam. 

B.t.u.  per 
Pound  of  Steam 
Absorbed  by 
Condenser. 

12,000 

27 

129,759 

10.81 

39.8 

1076 

11,000 

29 

109,838 

9.99 

36.9 

1072 

10,000 

31 

94,005 

9.40 

35.0 

1082 

9,000 

31 

83,640 

9.29 

34.8 

1079 

8,000 

31 

83,640 

10.45 

39.4 

1078 

7,000 

27 

83,640 

11.95 

45.5 

1088 

6,000 

17 

83,640 

13.94 

53.15 

1094 

5,000 

15 

83,640 

16.73 

63.2 

1095 

4,000 

13 

83,640 

20.91 

77.22 

1095 

Barometer  29 . 65  inches. 

Distribution  of  Energy  in  a  Turbine.  An  investigation  of 
the  available  energy  in  the  steam  as  it  passes  through  the  dif- 
ferent stages  of  the  turbine  may  well  be  made  in  connection 
with  a  turbine  efficiency  test.  This  consists  in  accurately  deter- 
mining the  pressure  at  each  of  the  stages  and  computing  the 
energy  available  for  use  as  the  steam  expands  from  one  stage 
to  the  next.  Thus  if  one  pound  of  saturated  steam  expands 
adiabatically  from  one  pressure  to  a  lower  pressure  the  external 
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work  done  by  the  steam  in  foot-pounds  would  be  expressed  by 
the  formula: 


in  which  H  and   H\=  total   heat  in  1   pound  steam  at  the  two 

pressures; 

T  =  absolute  temperature  at  the  lower  pressure; 
N—Ni  =  difference  of  entropy  of  1  pound  of  steam  at  the 
two  pressures. 

With  this  formula  the  available  energy  may  be  figured  from  the 
throttle  to  the  condenser  and  the  energy  distribution  determined 
throughout  the  turbine  under  different  load  conditions. 
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CHAPTER  VI 
THE  TESTING  OF  POWER  PLANT  LUBRICANTS 

THE  determination  of  the  relation  of  the  physical  and  chem- 
ical characteristics  of  a  lubricant  to  its  real  lubricating  value  is 
one  of  the  most  important  investigations,  from  the  point  of 
view  of  station  economy,  that  the  power  station  engineer  is  called 
upon  to  make.  The  relation  is  apt  to  be  somewhat  vague,  and 
a  close  observation  of  the  particular  conditions  of  the  service 
is  required  in  establishing  specifications  for  the  lubricants. 
Specifications  for  any  given  plant  are  best  built  up  after  having 
determined  the  properties  of  those  oils  which  give  the  most  satis- 
factory results  on  the  particular  installation  on  which  the  oil 
is  to  be  used. 

A  lubricant  has  been  defined  *  as  an  unctuous  body  that 
readily  forms  a  continuous,  coherent  and  durable  film  capable 
of  holding  apart  rolling  or  sliding  surfaces  and  itself  interposing 
the  least  possible  resistance.  Archbutt  and  Deeley  classify 
lubricants  as  follows: 

A.  Mineral  oils. 

B.  Fixed  oils  and  fats. 

C.  Blown  and  thickened  oils. 

D.  Rosin  oil. 

E.  Lubricants  containing  soap-greases. 

The  following  description  of  this  classification  is  abbreviated 
from  their  work  on  "  Lubrication  and  Lubricants:" 

*  Chas.  F.  Mabery,  Jour.  A.S.M.E.,  Jan.,  1912,  page  167. 
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Mineral  Lubricating  Oils  are  derived  from  the  so-called  "residuum" 
of  crude  petroleum  which  is  composed  of  the  heavier  and  least  volatile 
hydrocarbons,  the  lighter  hydrocarbons — such  as  gasoline,  kerosene, 
petroleum  paraffin  oil,  etc., — having  been  distilled  off.  Beside  lubricat- 
ing oils  of  various  grades,  paraffin  wax  and  vaseline  are  also  obtained 
from  this  residuum.  The  separation  of  these  substances  and  their  prep- 
aration for  use  is  accomplished  by  further  distillation  and  chemical 
treatment.  All  mineral  oils  present  a  fluorescent  appearance. 

Fixed  Oils,  so  called  because  they  are  not  volatile  without  decomposi- 
tion, are  found  in  certain  tissues  of  animals  and  plants.  They  differ 
from  mineral  oils  in  containing  oxygen  as  an  essential  constituent,  the 
proportion  varying  from  9.4  to  12.5  per  cent.  The  distinction  between 
fixed  oils  and  fats  is  only  a  matter  of  temperature.  All  fixed  oils  become 
fats  at  low  temperatures,  and  all  fats  become  oils  at  or  below  150°  F. 
Fixed  oils  very  rarely  present  a  fluorescent  appearance  unless  adulterated 
with  mineral  oil.  "A  fundamental  difference  between  fixed  oils  and 
mineral  oils  exists  in  then*  behavior  toward  atmospheric  oxygen.  Min- 
eral oils  are  indifferent  to  oxygen,  but  all  fixed  oils  combine  with  it  and 
most  of  them  undergo,  as  a  result  of  the  oxidation,  changes  which  con- 
vert them  sooner  or  later  into  solid  elastic  varnishes.  The  oils  which 
behave  in  this  manner  are  called  '  drying  oils  '  and  a  few  which  oxidize 
and  dry  most  rapidly  (notably  linseed  oil)  are  used  as  paint  oils.  Lubri- 
cants are  selected  from  the  'non-drying/  or  less  strongly  drying  oils,  the 
chief  of  which  are  olive,  rape  and  castor  among  vegetable  oils  and  lard, 
neatsfoot  and  sperm  among  animal  oils." 

Blown  or  Thickened  Oils  are  fixed  oils,  usXilly  rape  or  cottonseed, 
artificially  thickened  by  a  process  of  limited  oxidation  which  consists 
in  forcing  a  current  of  air  through  the  heated  liquid.  "  Oils  thus  treated 
increase  in  density  as  well  as  viscosity  and  the  blowing  is  continued 
until  the  desired  specific  gravity  is  obtained."  Blown  oils  mixed  with 
mineral  oils  are  very  largely  used  as  lubricants,  more  especially  in  the 
lubrication  of  marine  engines,  where  they  appear  to  supply  a  distinct 
want.  The  mineral  oils  entering  into  these  mixtures  are  usually  those 
of  low  viscosity. 

Rosin  Oil  is  the  principal  product  of  the  destructive  distillation  of 
common  rosin.  It  is  not  suitable  for  the  lubrication  of  machinery,  but 
is  used  to  adulterate  mineral  and  other  lubricating  oils. 

Lubricants  Containing  Soap.  "  Mineral  oils  are  sometimes  artificially 
thickened  by  dissolving  soap  in  them.  Aluminum  soap  is  usually 
employed  for  this  purpose.  Mineral  oil  thickened  in  this  way  can  easily 
be  recognized  by  the  tendency  to  form  threads  when  the  oily  cork  is 
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removed  from  the  bottle  and  by  their  peculiar  non-homogeneous  appear- 
ance, resembling  a  mixture  of  oil  and  jelly.  The  spurious  viscosity 
rapidly  diminishes  when  the  oil  is  heated.  Schweitzer  regards  this 
addition  to  mineral  oil  as  pure  adulteration,  and  states  that  experience 
has  shown  that  in  contact  with  water  and  steam  the  aluminum  soap  is 
precipitated  and  clogs  the  machinery.  On  the  other  hand,  Bloede 
states  that  by  the  presence  of  aluminum  *ioap  the  adherence  of  the 
lubricant  to  metal  surfaces  is  much  increased." 

Soap-thickened  Greases.  Under  this  name  may  be  included  the  various 
greases  which  consist  of  mineral  oil  thickened  with  sufficient  soap  to 
form,  at  ordinary  temperatures,  a  consistent  grease.  The  soaps  usually 
employed  for  this  purpose  are  lime,  soda  or  lead  soaps  made  with  various 
fats  or  oils.  "  Cup  "  greases  are  usually  thickened  with  a  soap  made 
from  either  horse  fat,  cotton-seed  oil,  or  rape  oil  saponified  with  lime, 
Ca(OH)2.  The  mixture  is  made  by  spraying  the  mineral  oil  with  the  hot 
soap  solution  and  mixing  until  the  proper  consistency  is  reached. 
"  Engine  "  greases  are  thickened  with  a  soap  made  from  tallow  oil  or 
lard  oil  and  caustic  soda  and  often  contain  neatsfoot  oil,  Japan  wax, 
beeswax,  etc.,  in  addition.  The  engine  greases  are  paler  in  color  and 
firmer  in  consistency  than  those  made  with  lime  soap.  They  frequently 
contain  excess  of  caustic  soda  which  becomes  converted  into  carbonate 
of  soda  and  is  liable  to  cut  the  bearings. 

Saponification.  In  regard  to  the  phenomenon  of  saponifica- 
tion  in  fixed  oils  Archbutt  and  Deeley  have  the  following  to  say: 
"  All  fixed  oils  are  composed  of  so-called  fatty  esters  formed  by 
the  union  of  alcohol  radicles  with  fatty  acid  radicles.  Saponifica- 
tion is  the  process  of  dividing  the  fatty  esters  into  alcohols  and 
fatty  acids.  One  method  of  effecting  this  is  by  means  of  heating 
the  oil  with  an  alkali  such  as  potash  or  soda,  in  which  case  the 
alkali  combines  with  the  fatty  acids  forming  the  soap  and  the 
alcohol  is  set  free.  Mineral  lubricating  oils  are  unsaponifiable, 
which  enables  them  to  be  easily  separated  from  the  fixed  oils. 
In  a  mixture  of  the  two  on  being  boiled  with  potash  the  hydro- 
carbons composing  the  mineral  oil  undergo  no  change,  but  the 
esters  composing  the  fatty  oil  undergo  Saponification,  forming 
soap  and  glycerol,  both  of  which  can  be  washed  away  by  water, 
leaving  the  mineral  oil  in  the  free  state.  In  the  case  of  a  wax- 
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like  sperm  oil  or  wool  fat  mixed  with  mineral  oil  this  does  not 
hold  true,  for  the  wax  alcohols  are  not  soluble  in  water  and  there- 
fore contaminate  the  mineral  oil.  When  these  forms  of  fixed 
oils  are  mixed  with  a  mineral  oil  there  is  no  method  known  by 
which  their  amount  can  be  accurately  measured." 

Qualifications  of  a  Good  Lubricating  Oil.  Stillman  *  states 
that  a  good  lubricant  should  have  the  following  qualities: 

1.  Body  (viscosity). 

2.  Freedom  from  corrosive  acids. 

3.  Fluidity,  as  much  as  is  consistent  with  "  body." 

4.  Minimum  coefficient  of  friction. 

5.  High  flash  and  burning  points. 

6.  Freedom  from  materials  to  cause  "  gumming." 

7.  Must  not  be  easily  thinned  or  vaporized  by  heat  or 

thickened  by  cold. 

Nature  of  the  Oil.  The  tests  for  determining  the  above  qual- 
ities are  exceedingly  simple  and  may  be  readily  made  by  the 
engineer.  A  test  is  first  made  to  determine  the  nature  of  the 
oil,  whether  from  animal,  vegetable  or  mineral  origin  or  a  mixture 
of  the  two.  Cylinder  oils,  especially  for  highly  superheated 
steam,  are  made  up  of  a  compound  of  mineral  oil  and  a  fat  animal 
oil,  usually  tallow. 

Kottstorf  er  Saponification  Test 

A  comparatively  simple  test  for  determining  whether  or  not 
an  animal  or  vegetable  oil  is  mixed  with  a  mineral  oil  and  the 
percentage  of  the  mixture,  when  a  compound  is  known  to 
exist,  can  be  made  when  the  kind  of  animal  or  vegetable  oil  is 
known.  This  is  based  on  the  Kottstorfer  test  for  saponification 
values  of  animal  and  vegetable  oils  and  is  conducted  as  follows: 

Chemicals  required:  30  grams  pure  KOH  in  1000  c.c.  alcohol.  X/2 
solution  sulphuric  acid  (24.5  grams  pure  Hj804  per  liter). 

*  Engineering  Chemistry. 
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Weigh  into  a  125  c.c.  flask  2  grams  of  the  oil  or  fat  to  be  tested,  add 
25  c.c.  of  the  alcoholic  solution  of  KOH.  Heat  over  the  water  bath 
30  minutes  (have  wide-mouthed  flask  with  perforated 
cork  and  glass  tube  3  feet  long  passed  through,  Fig. 
79).  The  fats  are  now  saponified  and  the  excess  of 
alkali  used  should  be  determined.  This  is  done  by 
diluting  the  test  solution  with  a  little  water  and  adding 
a  few  drops  of  an  alcoholic  solution  of  phenolphthalein, 
which  gives  a  red  coloration  then  adding  the  standard 
acid  from  the  burette  until  the  red  color  disappears, 
noting  number  of  cubic  centimeters  of  the  acid  re- 
quired. 

Run  a  blank  test,  using  25  c.c.  KOH  solution  alone, 
thus  standardizing  the  alkali  solution  in  terms  of  the 
acid. 

To  calculate  the  per  cent  of  caustic  potash  required 
to  saponify  the  fat  from  the  data  obtained,  the  num- 
ber of  cubic  centimeters  of  the  acid  used  in  the  test 
with  the  oil  is  subtracted  from  the  number  used  in  the 
blank  test.  The  difference  multiplied  by  j  .028  gives 
the  weight  of  alkali  (KOH)  required  to  saponify  the 
2  grams  of  fat  taken,  and  this  times  50  gives  the  per- 
centage. 

Thus,  2  grams  of  tallow: 


FIG.  79.— Flask 
with  Return 
Condenser  for 
Kottstorfer 
Test. 


Blank  test 22.1  c.c.  N/2  HjS04 

Oil  test 8.2  c.c.  N/2  H2S04 


Difference 13.9  c.c.  N/2  H2S04 

13.9 X. 028  =0.3892  gram  of  KOH  required  to  saponify  2  grams  of  tallow. 

0  38Q2 

=  .1946  =  19.46  per  cent  KOH. 


The  Kottstorfer  value  is  usually  expressed  in  milligrams 
of  KOH  required  to  saponify  1  gram  of  the  fat.  In  the  above 
case  the  Kottstorfer  value  is  194.6.  Table  XIX  contains  the 
values  of  other  oils  and  fats  taken  from  a  list  by  C.  R.  A.  Wright 
in  "  Fixed  Oils,  Fats,  Butters  and  Waxes,"  London,  1894. 
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TABLE  XIX 
SAPONIFICATION  VALUES  OF  VARIOUS  OILS 

Almond,  Sweet 190-192 

Butter 225-230 

Beeswax,  Yellow 95-100 

Beeswax,  White 

Cocoanut  Oil • 225-260 

Castor 201-203 

Cotton  Seed 194-195 

Hemp  Seed 192-194 

Linseed 190-192 

Lard 195-196 

Menhaden 192 

Maize 188-189 

Neatsfoot 191-193 

Walnut 196-197 

Olive 191-193 

Palm 201-202 

Sesame 192-193 

Spermaceti 108 

Sperm  Oil 134 

Suet  (Ox  or  Beef  Tallow) 193-195 

Tallow  (Sheep) 192-195 

Whale 190-191 

Wool  Grease 169-170 

A  sample  of  lubricating  oil  compounded  with  an  animal 
fat,  whose  saponification  value  is  thus  known,  upon  being  sub- 
jected to  the  above  test  will  give  a  saponification  value  hi  propor- 
tion to  the  amount  of  the  animal  fat  which  it  contains.  Thus 
a  mineral  oil  compounded  with  tallow  had  a  saponification 

12  0 

value  of  12.0  and  was  known  to  contain  -^-^  =  6.17  per  cent  of 

194.6 

the  animal  or  vegetable  fat.  Where  the  exact  kind  of  animal 
or  vegetable  oil  is  not  known  (Archbutt  and  Deeley)  Gripper 
adopts  200.8  as  the  mean  saponification  value  of  the  fatty  acids 
used  and  considers  this  to  be  sufficiently  correct  for  commercial 
purposes  when  rapidity  is  of  supreme  importance. 

The  U.  S.   Government   Contracts   Laboratory  uses  195  as 
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the  saponification  number  for  the  fatty  oils  used  in  lubricating 
oils.* 

Compounded  oils  can  be  readily  checked  by  this  method. 

Another  method  by  which  the  presence  of  animal  fats  in  a 
lubricating  oil  can  be  identified  and  measured  is  given  by  Stillman.f 
The  nature  of  the  oil  is  determined  thus: 

Ten  grams  of  the  oil  are  weighed  out  in  a  dry  weighed  beaker  (250 
c.c.)  and  to  it  are  added  75  c.c.  of  an  alcoholic  solution  of  potash  (60 
grams  KOH  per  100  c.c.  of  95  per  cent  alcohol)  and  the  contents  evaporated 
until  all  the  alcohol  is  driven  off.  In  this  process  if  any  animal  or  vege- 
table oil  is  present,  it  is  formed  into  a  soap  by  the  potash,  while  the  min- 
eral oil  is  unacted  upon.  Water  (75  c.c.)  is  now  added  and  the  material 
well  stirred  to  insure  complete  solution  of  the  soap,  and  then  it  is  trans- 
ferred to  a  separately  funnel,  75  c.c.  of  sulphuric  ether  added,  corked, 
the  liquid  violently  agitated  and  allowed  to  stand  for  twelve  hours.  Two 
distinct  liquidsarenowseen — the  lower,  the  solution  of  thesoap;  the  upper, 
the  ether  solution  (colored  if  mineral  oil  is  present,  colorless  if  not). 
The  aqueous  solution  is  drawn  off  in  a  250  c.c.  beaker,  the  ethereal  solu- 
tion remaining  in  the  separatory  funnel.  The  former  is  placed  on  a 
water  bath,  heated  for  one-half  hour,  and  until  all  traces  of  ether  (which 
is  absorbed  by  the  water  in  a  very  small  amount)  is  gone. 

The  solution  is  allowed  to  cool,  diluted  somewhat  with  water,  and 
made  acid  with  dilute  sulphuric  acid.  Any  animal  or  vegetable  oil 
present  will  be  indicated  by  a  rise  to  the  surface  of  the  liquid  of  the  fatty 
acids.  (In  this  reaction  the  sulphuric  acid  decomposes  the  soap,  uniting 
with  the  potash  to  form  sulphate  of  potash  and  liberating  the  fatty  acids 
of  the  oil.) 

If  it  is  desired  to  weigh  the  fatty  acids,  proceed  as  follows:  Weigh 
carefully  about  5  grams  of  pure  white  beeswax,  place  it  in  a  beaker  upon 
the  surface  of  the  oil  and  water  and  bring  the  contents  nearly  to  boiling. 
The  melted  wax  and  the  fatty  acids  unite;  allow  to  cool,  remove  the 
wax,  wash  with  water,  dry  between  folds  of  filter  paper  and  weigh. 
The  increase  in  weight  of  the  wax  over  its  original  weight  gives  the  weight 
of  the  fatty  acids  of  the  animal  or  vegetable  oil  in  the  lubricating  oil. 

*  Bureau  of  Chemistry,  Bulletin  No.  109. 

t  Engineering  Chemistry.  Reprinted  by  courtesy  Chemical  Publishing 
Co. 
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The  weight  obtained  must  be  multiplied  by  the  factor  .97,  since  the  fatty 
acids  exist  in  the  oil  as  anhydrides  and  not  as  hydrates,  the  latter  being 
the  form  in  which  they  are  weighed. 

Method  for  Detecting  Adulteration  of  Animal  Oil  with 
Mineral 

A  method  for  detecting  the  adulteration  of  an  animal  or  vegetable 
oil  with  mineral  or  resin  oil  has  been  discovered  by  Alexander  E.  Outer- 
bridge,  Jr.  (American  Society  for  Testing  Materials,  June,  1911).  In 
describing  this  test  he  says: 

"  Mineral  and  resin  oils  differ  from  all  other  oils  in  many  ways,  but 
especially  in  one  respect,  and  resemble  each  other  in  many  ways,  notably 
in  one:  when  examined  by  reflected  light  hydrocarbon  oils  (improperly 
named  '  Mineral  oils '),  whether  crude  or  partially  refined,  show  a 
peculiar  greenish  fluorescence,  commonly  called  '  bloom.'  When 
examined  by  transmitted  light  the  bloom  disappears  and  the  true  color 
of  the  oil  is  seen.  This  color  ranges  from  dark  red  or  mahogany  tint 
through  various  shades  or  orange  and  yellow  up  to  '  water  white,' 
according  to  the  degree  of  refinement.  Resin  oil  possesses  the  same 
peculiar  characteristics,  except  that  the  color  of  the  bloom  is  pure  blue. 
(Fluorescence  is  a  property  inherent  hi  some  substances  of  becoming 
self-luminous  while  exposed  to  certain  rays  of  light  known  as  '  ultra- 
violet '  or  '  actinic '  rays).  The  greenish  bloom  or  fluorescence  of 
mineral  oil  and  the  blue  bloom  of  resin  oil  noticeable  in  daylight  can  be 
enormously  intensified,  perhaps  a  thousand  fold,  so  that  if  a  single  drop 
of  mineral  oil  be  placed  in  a  vessel  containing  a  hundred  or  even  a  thousand 
drops  of  pure  Unseed  oil  or  any  other  non-fluorescent  oil,  its  presence 
may  be  instantly  detected  by  the  greenish  fluorescence  which  it  imparts 
to  the  whole  of  the  oil.  The  same  is  true  of  resin  oil,  which  gives  blue 
fluorescence." 

The  method  of  intensifying  this  fluorescence  consists  in  placing  a 
few  drops  of  the  oil  to  be  tested  between  two  plates  of  clean  glass,  and 
squeezing  them  together  so  as  to  make  an  exceedingly  thin  film  of  the 
oil.  This  sample  is  then  placed  against  a  black  background  and  examined 
by  reflected  light  from  the  ordinary  enclosed  arc  lamp.  If  the  sample 
is  mineral  or  resin  oil  the  film  between  the  plates  will  "  fluoresce  bril- 
liantly in  the  same  green  and  blue  colors  that  large  quantities  of  the  same 
oils  show  under  the  same  light."  If  only  a  small  proportion  of  a  mineral 
or  resin  oil  is  present  the  intensity  of  the  fluorescence  will  vary  with  this 
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amount.  By  the  preparation  of  standard  films  from  known  percentages 
of  adulterants  Mr.  Outerbridge  has  been  enabled  to  determine  at  a 
glance  the  amount,  if  any,  of  mineral  oils  with  which  the  animal -or 
vegetable  oil  has  been  adulterated. 


FIG.  80. — Redwood  Viscosimeter.         FIG.  81. — Tagliabue  Viscosimeter. 

Viscosity.  Thurston  refers  to  viscosity  as  "  that  quality 
of  a  lubricant  which  keeps  the  surfaces  between  which  it  is 
interposed  from  coming  in  contact."  The  knowledge  of  the 
viscosity  of  an  oil  certainly  determines  its  s"uitablity  for  different 
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purposes.  Thin  oils  of  high  fluidity  are  poorly  suited  to  the 
lubrication  of  heavy  bearings,  while  heavier  oils  of  high  viscosity 
are  but  poorly  suited  to  the  lubrication  of  high-speed  motors  or 
other  light  machinery. 

A  rough  method  for  determining  the  relative  viscosity  of  an 
oil  consists  in  shaking  it  in  a  bottle  and  observing  the  rapidity 
with  which  the  bubbles  rise  to  the  top.  The  more  slowly  bub- 
bles of  equal  size  rise,  the  greater  is  the  viscosity  of  the  oil. 

The  approved  and  standard  method  for  determining  vis- 
cosity consists  in  noting  the  length  of  time  required  for  a  certain 
amount  of  the  oil  at  a  given  temperature  to  flow  through  a  short 
tube  of  definite  diameter.  The  length  of  time  required  for  the 
same  amount  of  distilled  water  to  flow  through  the  same  tube  is 
determined  and  the  viscosity  of  the  oil  referred  to  water  as 
unity.  This  is  called  "  specific  viscosity." 

Unfortunately  there  are  a  great  many  different  kinds  of 
viscosimeters  in  use  of  various  sizes  and  designs.  Some  of  these 
give  results  based  on  the  flow  of  water,  some  upon  the  flow  of 
pure  rape  oil,  and  some  others  give  results  in  the  number  of 
seconds  required  for  a  certain  amount  of  the  oil  to  flow  through 
the  instrument  at  a  certain  temperature. 

Some  of  the  leading  makes  of  viscosimeters  are  as  follows:  Red- 
wood,* Fig.  80;  Tagliabue,  Fig.  81;  Scott,  Fig.  82  and  Engler,f 
Fig.  83.  Results  on  the  Redwood  instrument  are  based  upon  the 
flow  of  pure  rape  oil  at  60.°  On  the  Tagliabue  instrument  the 
results  are  expressed  as  the  number  of  seconds  required  for  60 
c.c.  of  the  oil  to  flow  through  the  orifice.  On  the  Scott  instru- 
ment the  readings  are  referred  to  the  time  required  for  50  c.c.  of 
water  to  flow  through  the  instrument,  this  being  taken  as  unity. 
Results  on  the  Engler  viscosimeter  are  usually  given  as  the 
number  of  seconds  required  for  200  c.c.  of  the  oil  to  flow  through 
the  instrument. 

*  Redwood,  Jour.  Soc.  Chem.  Ind.,  Vol.  5,  124,  1886. 
t  A.  H.  Gill,  "  Oil  Analysis,"  pp.  25  and  27. 
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The  Scott  instrument  (Scientific  Materials  Co.,  Pittsburgh) 
is  as  well  suited  to  power  plant  work  as  any  of  the  instruments 
noted.  It  is  simple,  accurate  and  convenient  to  operate.  The 
operation  of  the  instrument  in  determining  viscosity  is  as  follows: 

Three  hundred  cubic  centimeters  of  the  oil  to  be  tested  is  put  into 


FIG.  82. — Scott  Viscosimeter. 


FIG.  83. — Engler  Viscosimeter. 


the  inner  compartment  of  the  viscosimeter  and  the  outer  water  bath  is 
filled  with  water  at  the  temperature  at  which  it  is  desired  to  test  the  oil. 
The  temperature  of  the  water  is  maintained  at  this  point  until  the  oil 
has  come  to  a  constant  temperature.  This  is  maintained  for  several 
minutes  to  insure  a  uniform  heating  throughout  the  body  of  the  oil, 
which  is  stirred  from  time  to  time  with  the  thermometer.  When  uniform 
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temperature  has  been  obtained  the  small  lever,  attached  to  the  valve 
stem  of  the  brass  plug  valve  in  the  bottom  of  the  oil  chamber,  is  quickly 
operated  and  the  time  for  50  c.c.  of  the  oil  to  flow  through  the  delivery 
tube  is  measured  with  a  stop  watch. 

Each  Scott  instrument  is  measured  for  the  time  required  for 
50  c.c.  of  water  to  flow  through  the  delivery  tube  and  the  num- 
ber of  seconds  is  stamped  upon  the  handle  of  the  cup. 

Engine  oils  are  usually  tested  at  three  temperatures  on  the 
Scott  instrument,  75,  110  and  150°  F.  Cylinder  oils  are  tested 
at  110  and  150°  and  sometimes  as  high  as  212°. 

The  specific  viscosity  *  of  an  engine  oil  of  pure  mineral  (East- 
ern) stock,  which  gives  excellent  results  for  general  power  station 
purposes,  including  both  engine  bearing  lubrication  and  turbine 
step  bearings,  is  as  follows: 

75°  F 4.48 

110°  F .  2.09 

150°  F 1.56 

The  specific  viscosity  *  of  a  cylinder  (compounded)  oil  used 
for  cylinder  lubrication  with  highly  superheated  steam  has  the 
following  viscosities: 

75°  F 112.00 

110°  F 26.00 

150°  F 9.00 

Specific  Gravity.  The  specific  gravity  of  a  substance  is  its 
weight  compared  with  the  weight  of  an  equal  volume  of  water 
taken  as  unity.  In  the  case  of  lubricating  oils  the  specific  grav- 
ities do  not  tell  much  as  to  the  lubricating  value  of  the  oil,  serv- 
ing more  as  an  indication  of  the  kind  and  purity  of  animal  and 
vegetable  oils  and  as  a  positive  distinction  between  mineral  oils 
and  the  heavy  rosins  and  coal-tar  oils. 

*  Determined  on  a  Scott  instrument  which  has  water  value  of  11.45 
seconds  for  50  c.c. 
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The  specific  gravities  of  American  mineral  lubricating  oils 
vary  from  .860  in  the  case  of  light  spindle  oils  up  to  .905  for 
the  heavy  cylinder  oils,  with  many  grades  of  engine  oils  between, 
while  rosin  oils  have  a  specific  gravity  of  from  .960  to  1.001  and 

heavy   coal   tar   oil   runs    above 
I  1.010. 

Specific  gravity  may  be  most 
easily  determined  by  the  hydrom- 
eter method  if  the  oil  be  a  thin 
fluid  or  by  the  bottle  method  if 
it  be  a  thick  fluid, 

Determination  of  Specific  Gravity 
with  Hydrometer 

Some  hydrometers  give  specific 
gravities  direct  and  these  must  be 
used  at  the  temperature  for  which 
they  are  calibrated.  The  Baume"  hy- 
drometer, Fig.  84,  has  an  arbitrary 
scale  graduated  in  so-called  Baume" 
degrees.  This  is  very  commonly  used, 
readings  from  it  being  easily  figured 
to  specific  gravity.  The  temperature 
of  the  oil  at  which  the  hydrometer  is 
read  must  be  taken  and  the  apparent 
reading  corrected  to  60°  F.  The  read- 
ing is  then  substituted  in  the  formula 
for  specific  gravity  as  follows: 

Specific  gravity  =  13Q_n 
PLAIN  HYDROMETER      where    n  is  the  Baume1   hydrometer 

HYDROMETER  AND  CYLINDER        ^j^  corrected  to  60°  F.      This  COr- 

FIG.  84.— Hydrometers.  rection   is  made  according  to  Table 

XXII,  page  188. 
The  specific  gravity  of  the  engine  oil  for  which  the  viscosities  are 

*  Archbutt  and  Deeley. 
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given   on   page    175  was   .8712,   while   that   of   the  cylinder  oil   was 
.8978. 

Oils  of  such  viscosity  as  not  to  allow  the  hydrometer  to  float  freely 
are  warmed  to  a  temperature  of  about  100°  before  tak- 
ing the  Baume"  reading. 

Bottle  Method.  The  more  accurate  method  of  deter- 
mining specific  gravity  is  by  direct  weight  of  the  sub- 
stance, comparing  the  weight  found  with  the  same  volume 
of  freshly  boiled  distilled  water.  Fig.  85  shows  a  specific 
gravity  bottle  commonly  used  in  this  determination. 

The  common  custom  is  to  express  the  specific  gravity 
of  oils  at  60°  F.  (15.5°  C.)  compared  with  water  at  the  FIG.  85.— Spe- 
same  temperature.     This  temperature  being  somewhat      cific  Gravity 
lower  than  the  ordinary  temperature  of  a  laboratory,      Bottle, 
the  determination  on  the  oil  is  made  at  a  higher  tem- 
perature and  the  specific  gravity  calculated,  using  the  formula: 

G=G'+K(T-15.5°C.) 
in  which 

G=  specific  gravity  at  15.5°  C.; 
G'  =  specific  gravity  at  temperature  T; 
K  =mean  correction  for  1°  C. 

The  value  of  K  for  lubricating  oils  is  as  follows  :* 

For  fixed  oils  K  =0.000369  F. 

For  Scotch  mineral  oils  K  =0.000367 
For  American  mineral  oils  K  =0.000352 
For  Russian  mineral  oils  K  =0.000350 

The  value  K  =0.00064  is  the  value  used  in  the  U.  S.  Government 
laboratories  t  as  sufficiently  accurate  for  both  hydrocarbon  oils  and 
fatty  oils.  These  corrections  apply  only  to  specific  gravities  referred  to 
water  at  60°  F.,  or  15.5°  C. 

*  Archbutt. 

t  U.  S.  Dept.  of  Agriculture,  Bulletin  No.  109,  page  7. 
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Free  Acid 

The  method  for  testing  an  oil  for  free  acid  is  as  follows:  Weigh  into 
a  50  c.c.  graduated  cylinder  (stoppered)  14.1  grams  of  the  oil  to  be  tested. 
Fill  the  cylinder  up  to  the  mark  with  methyl  alcohol,  add  a  few  drops  of 
solution  of  phenolphthalein  and  add  from  a  burette  normal  caustic  soda 
solution  (40  grams  per  liter)  until  on  shaking  well  the  pink  color  is  per- 
manent. The  number  of  cubic  centimeters  of  caustic  soda  used  multiplied 
by  2  expresses  approximately  the  percentage  of  free  acid  in  the  oil.  The 
free  acid  in  a  mineral  oil  is  determined  in  the  same  manner  and  the 
result  expressed  in  terms  of  sulphuric  anhydride  (SOj)  by  multiplying 
by  the  factor  .1418. 

Flash  and  Fire  Tests.  All  mineral  lubricating  oils  evaporate 
upon  heating.  The  temperature  at  which  this  evolution  of  gas 
is  sufficient  to  cause  a  momentary  ignition  with  a  flash  upon  the 
application  of  a  small  flame  to  the  surface  of  the  oil  is  known  as 
the  "  Flash  Test."  In  a  power  plant  it  is  desirable  that  this  be 
high  both  for  safety  from  fires  and,  in  the  case  of  cylinder  oils, 
to  prevent  the  formation  of  gases  and  the  consequent  carboniza- 
tion in  the  engine  ports  and  cylinders. 

The  "  Fire  Test  "  is  'the  temperature  at  which  the  volatile 
gases  from  the  oil  ignite  and  burn  continuously  upon  the  applica- 
tion of  the  small  flame. 

The  methods  for  determining  the  flash  and  fire  tests  of  lubricating 
oils  consist  in  warming  up  a  small  amount  of  the  oil  (50  c.c.)  in  an  open 
porcelain  or  copper  dish,  about  2£  inches  in  diameter  and  1  $  inches  deep, 
in  which  the  bulb  of  a  "  chemical  "  thermometer  is  suspended.  The 
oil  should  be  kept  agitated  and  the  temperature  uniform  throughout 
the  body  of  the  oil  by  stirring  continuously  with  the  thermometer,  or 
some  device,  during  the  test.  The  heat  is  applied  with  a  Bunsen  flame 
so  as  to  give  a  uniform  rise  in  temperature  of  15°  F.  per  minute.  When 
the  vapor  from  the  oil  is  sufficient  to  make  an  inflammable  mixture, 
a  pale  blue  flash  occurs  upon  the  application  of  a  tiny  flame  to  the  sur- 
face of  the  oil.  (This  flame  may  be  from  a  tiny  gas  jet,  or  from  a  piece 
of  burning  linen  thread.)  The  temperature  at  which  the  flash  is  first 
seen  is  called  the  "  Flash  Test."  The  temperature  at  which  the  oil 
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continues  to  burn  upon  applying  the  test  flame  is  taken  as  the  "  Fire 
Test." 

It  may  be  readily  seen  that  in  order  to  obtain  uniform  and  correct 
results  with  this  somewhat  rough  method  of  conducting  the  flash  and 
fire  tests  all  tests  must  be  made  under  the  same  conditions.  Care 
should  be  used  in  eliminating  all  currents  of  air,  and  in  keeping  the  oil 
so  agitated  that  the  thermometer  reading  will  be  the  true  average  read- 
ing and  not  that  of  the  cooler  surface  of  the  oil.  The  test  flame  should 
not  be  brought  closer  than  f  inch  from  the  surface  of  the  oil,  and  should 
be  passed  across  the  surface  rather  than  applied  at  one  point.  The  rate 
of  rise  in  temperature,  too,  should  not  be  reduced  even  after  the  flash 
point  is  passed.  With  reasonable  care  consistent  results  may  be  obtained 
with  this  method,  which  serves  well  for  all  power  station  purposes. 

Cold  Test.  The  purpose  of  the  "  Cold  Test  "  is  to  determine 
at  what  temperature  an  oil  becomes  too  thick  to  flow  freely. 
For  mineral  lubricating  oils  this  temperature  varies  from  0°  to 
40°  F.,  the  light  oils  congealing  at  low  temperatures  and  the 
heavier  and  compounded  oils  at  higher  temperatures. 

The  method  of  determining  this  temperature  consists  in  putting 
about  30  c.c.  of  the  oil  to  be  tested  in  a  125  c.c.  sample  bottle,  and  pack- 
ing the  bottle  in  a  jar  with  cracked  ice  and  common  salt.  A  thermometer 
is  placed  in  the  bottle  with  the  bulb  immersed  in  the  oil.  When  the  oil 
has  become  solid  the  bottle  is  removed  and  allowed  to  gradually  warm 
up  and  at  the  same  time  the  oil  is  gently  stirred  with  the  thermometer. 
When  the  oil  becomes  of  a  consistency  to  flow  throughout  the  length 
of  the  bottle  the  temperature  is  read.  This  temperature  is  the  figure 
reported  as  the  cold  test.  This  test  assumes  considerable  importance 
where  oils  are  subjected  to  low  degrees  of  temperature,  as  is  the  case  on 
railways  or  in  power  stations  with  oil  storage  tanks  exposed  to  the  weather. 

For  obtaining  temperatures  down  to  0°  F.  mixtures  of  water,  cracked 
ice  and  common  salt  are  sufficient.  If  lower  temperatures  are  required 
crystallized  calcium  chloride  may  be  substituted  for  the  salt. 

Determination  of  Paraffin  in  a  Mineral  Oil 

Mineral  lubricating  oils  high  in  paraffin  do  not  work  successfully 
in  the  lubrication  of  heavy  engine  units.  The  tendency  is  for  the  body 
of  the  oil  to  break  down  and  to  emulsify  with  the  small  amount  of  con- 
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densed  steam,  which  is  always  present,  forming  a  coagulated  mass 
which  will  not  flow  through  the  lubricators.  For  this  reason  it  is  some- 
times necessary  to  make  a  determination  upon  an  oil  for  the  amount 
of  paraffin  which  it  contains. 

A  modification  of  the  method  recommended  by  Archbutt  and  Deeley  * 
consists  in  treating  10  grams  of  the  oil  with  a  one  to  one  mixture  of 
98.5  per  cent  alcohol  and  anhydrous  ether  until  a  clear  solution  is  obtained. 
The  solution  is  then  placed  in  a  4-ounce  stoppered  bottle  and  placed 
in  a  freezing  mixture  of  ice,  salt  and  water.  When  a  temperature  of 
about  5°  below  zero  F.  is  reached,  more  of  the  one  to  one  alcohol- 
ether  (cold)  is  added  with  vigorous  shaking  until  there  remains 
in  suspension  nothing  but  flakes  or  crystals  of  paraffin.  This  solution 
is  now  filtered  off  upon  a  chilled  filter.  (This  is  accomplished  by  pack- 
ing a  flask  with  perforated  stopper,  through  which  a  funnel  and  vent 
extends,  in  a  vessel  with  ice,  salt  and  water  in  such  a  manner  as  to  keep 
the  walls  of  the  funnel  at  a  temperature  of  about  10°  F.  or  less.)  When 
the  paraffin  is  filtered  off,  it  is  washed  thoroughly  with  more  of  the  alco- 
holic ether  solution  until  all  oil  is  washed  away  from  the  paraffin.  The 
paraffin  is  then  removed  to  a  tared  flask  with  ether  and  placed  upon  a 
water  bath  until  the  ether  has  all  been  driven  off.  The  flask  is  then 
cooled  and  weighed  and  the  percentage  of  paraffin  calculated. 

Emulsification  Tests.  When  such  a  procedure  is  possible, 
the  most  satisfactory  test  for  the  value  of  an  oil  in  resisting 
emulsification  consists  in  isolating  the  oiling  system  on  one  of  the 
units  on  which  the  oil  is  to  be  used  and  making  a  test  of  the  oil 
under  the  actual  conditions  of  operation.  If  the  oil  does  not 
emulsify  when  used  for  a  period  of  several  days  in  an  engine  thus 
isolated  from  the  rest  of  the  system  it  is  safe  to  assume  that 
it  will  give  no  trouble  from  this  source  when  used  under  the 
more  favorable  conditions  which  exist  in  the  larger  system. 

When  such  a  test  is  not  practicable,  the  following  laboratory 
test  may  be  made,  but  cannot  be  regarded  as  infallible: 

Place  40  c.c.  of  the  oil  to  be  tested  in  a  4-ounce  sample  bottle.  Into 
this  oil  blow,  through  a  J-inch  pipe,  superheated  steam  under  low  pressure, 
for  three  minutes.  At  the  end  of  this  tune  the  liquid  hi  the  bottle  will  be 
composed  of  about  one-half  water  and  one-half  oil.  If  the  oil  will  emulsify 

*  "  Lubrication  and  Lubricants." 
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with  water  a  white  emulsion  will  then  be  found  which  will  not  separate 
out  on  standing.  If  the  oil  will  not  emulsify  with  water  the  mixture 
will  separate  out  quickly. 

Test  for  the  Detection  of  Soap  in  an  Oil  * 

A  false  viscosity  is  sometimes  given  to  lubricating  oils  by  the  addition 
of  soaps.  This  is  detrimental  to  the  value  of  the  oil  because  of  the 
increased  liability  to  emulsification  with  the  consequent  stopping  up  of 
the  lubricators.  The  method  for  detecting  the  presence  of  soap  is  as 
follows : 

Five  to  ten  cubic  centimeters  of  the  oil  to  be  tested  are  dissolved 
in  about  5  c.c.  of  86°  gasoline,  or  ether,  and  about  15  drops  of  phos- 
phoric acid  solution  (a  saturated  solution  of  the  commerical  "stick 
phosphoric  acid  "  in  absolute  alcohol)  added,  shaken  and  allowed  to 
stand;  the  formation  of  a  flocculent  precipitate  indicates  the  presence  of 
soap.  An  idea  of  the  kind  of  soap  can  often  be  gained  by  adding  an 
alcoholic  solution  of  platinum  chloride.  If  the  precipitate  becomes 
crystalline  it  is  a  potash  soap;  if  it  dissolves,  soda,  lime,  or  magnesia; 
if  unchanged,  alumina  or  iron. 

Test  for  the  Detection  of  Tar  or  Asphaltic  Matterf 

Mix  5  c.c.  of  the  oil  with  95  c.c.  88°  gasoline;  allow  to  stand  one  hour. 
Not  more  than  5  per  cent  of  flocculent  or  tarry  matter  should  have  settled 
out. 

General  Conclusions  on  Oil  Tests.  The  ultimate  test  of  any 
oil  in  a  power  plant  is  to  be  found  in  the  action  of  that  oil  in  the 
cylinder  or  bearing  to  which  it  is  applied.  If  an  oil  lubricates 
well,  that  is,  permits  bearings  to  run  smoothly  and  evenly  and 
without  heating;  if  cylinders  and  valves  run  without  undue 
noise  or  friction;  if  there  is  no  trouble  from  carbonization  of  the 
oil  in  cylinders,  with  gummed-up  ports  and  clearances  filled; 
if  no  excessive  vaporization  is  apparent;  such  an  oil,  when 
subjected  to  the  tests  outlined  above,  will  show  those  qualities 
which  are  most  desirable  in  the  oil  needed  for  that  particular 

*  A.  H.  Gill,  "  Oil  Analysis,"  page  40. 
t  Ibid,  page  46. 
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kind  of  equipment.  It  thereafter  remains  to  specify  oils  of  the 
same  qualifications  and  regularly  make  such  tests  on  subsequent 
purchases  as  are  necessary  to  insure  compliance  with  specifica- 
tions. In  general  thin  mineral  oils  give  best  results  at  high 
speeds  and  at  light  pressures,  while  the  more  viscous  oils  give 
best  results  at  low  speeds  and  high  pressures.  For  heavy  engine 
cylinders  using  highly  superheated  steam  a  heavy  mineral  stock 
oil  compounded  with  6  per  cent  of  fatty  oils  (usually  tallow) 
has  been  found  to  give  excellent  results. 

Relation  of  Bearing  Pressures  to  Quality  of  the  Lubricant. 
Regarding  the  relation  of  mineral  oils  to  bearing  pressures  Arch- 
butt  and  Deeley  give  the  following: 

"  Pure  mineral  oils  are  suitable  for  pressures  below  70  pounds 
per  square  inch  when  the  methods  of  lubrication  are  '  perfect ' 
and  the  metals  in  contact  are  such  as  do  not  readily  seize  each 
other.  With  increasing  loads,  the  proportion  of  fatty  oils  it  is 
desirable  to  add  must  also  increase,  if  satisfactory  results  are 
to  be  obtained  as  regards  friction  and  wear.  By  increasing  the 
viscosity  instead  of  adding  a  fatty  oil  the  friction  is  sure  to  be 
increased,  even  though  the  rate  of  wear  of  the  rubbing  surfaces 
may  be  reduced,  and  more  power  is  wasted  than  the  economy 
in  fatty  oil  warrants." 

SUMMARY  OF  GENERAL  EXPERIENCE  GAINED  AS  TO  CHARACTER 
AND  BEHAVIOR  OF  VARIOUS  OILS  USED  FOR  LUBRICATING* 

1.  "A  mineral  oil  flashing    below  300°  F.  is  unsafe  on  account  of 
causing  fire. 

2.  "  A  mineral  oil  evaporating  more  than  5  per  cent  in  ten  hours  at 
140°  F.  is  inadmissible,  as  the  evaporation  creates  a  viscous  residue, 
or  leaves  the  bearing  dry. 

3.  "  The  most  fluid  oil  that  will  remain  in  its  place,  fulfilling  all  other 
conditions,  is  the  best  for  all  light  bearings  at  high  speeds. 

*  Wright,  "Animal  and  Vegetable  Fixed  Oils,  Fats,  Butters,  and  Waxes," 
page  325. 
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4.  "  The  best  oil  is  that  which  has  the  greatest  adhesion  to  metallic 
surfaces,  and  the   least  cohesion  in  its  own  particles;    in  this  respect 
fine  mineral  oils  are  first,  sperm   oil   second,   neatsfoot  oil  third,  and 
lard  oil  fourth. 

5.  "  Consequently  the  finest  mineral  oils  are  best  for  light  bearings 
and  high  velocities. 

6.  "  The  best  animal  oil  to  give  '  body  '  to  fine  mineral  oils  is  sperm 
oil. 

7.  "  Lard  and  neatsfoot  oil  may  replace  sperm  oil  when  greater 
tenacity  is  required. 

8.  "  The  best  mineral  oil  for  cylinders  is  one  having  specific  gravity 
.893  at  60°  F.,  evaporating  point  550°  F.,  and  flashing  point  680°  F. 

9.  "  The  best  mineral  oil  for  heavy  machinery  has  specific  gravity 
.880  at  60°  F.,  evaporating  point  443°  F.,  and  flashing  point  518°  F. 

10.  "  The  best  mineral  oil  for  light  bearings  and  high  velocities  has 
specific  gravity  .871  at  60°  F.,  evaporating  point  424°  F.,  and  flashing 
point  505°  F. 

11.  "  Mineral  oils  alone  are  not  suited  for  the  heaviest  machinery 
on  account  of  want  of  '  body '  and  higher  degree  of  inflammability. 

12.  "  Well-purified  mineral  oils  are  applicable  to  very  heavy  machinery. 

13.  "  Olive  oil  is  foremost  among  vegetable  oils,  as  it  can  be  purified 
without  the  aid  of  mineral  acids. 

14.  "  The  other  vegetable  oils  admissible,  but    far  inferior,  stated 
in  their  order  of  merit,  are  gingelly,  groundnut,  colza,  and  cotton-seed 
oils. 

15.  "  No  oil  is  admissible  which  has  been  purified  by  means  of  mineral 
acids." 

A.  H.  Allen  regards  the  following  characteristics  as  those  which  should 
be  taken  into  consideration  in  forming  an  opinion  as  to  the  suitability 
of  lubricating  oil  for  a  given  class  of  work : 

1.  "  The  viscosity  or  '  body  '  of  the  oil  at  the  temperature  at  which 
it  is  to  be  used. 

2.  "  The  temperature  at  which  the  oil  thickens  or  actually  solidifies. 

3.  "  The  flashing  point  or  temperature  at  which  the  oil  gives  off 
inflammable  vapors  in  notable  quantity. 

4.  "  The  volatility  or  loss  in  weight  which  the  oil  suffers  on  exposure 
in  a  thin  film  to  an  elevated  temperature. 

5.  "  The  '  gummying '  character  or  tendency  of  the  oil  to  become 
oxidized. 

6.  "  The  relative  proportions  in  which  the  fatty  and  hydrocarbon 
oils  of  a  mixture  are  present. 
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7.  "  The  proportion  and  nature  of  the  free  acid,  if  any,  in  the  oil. 

8.  "  The  tendency  of  the  oil  to  act  on  metals. 

9.  "  The  presence  of  mineral  matters,  such  as  the  metallic  bases  of 
soaps,  etc." 
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A  Short  Form  for  Boiler  Test  Report 

TABLE  XX 

Data  and  Result  of  Evaporative  Test  on Boiler  No . 

Station 

No.  of  test Made  by 

Grate  surface Water  heating  surface 


TOTAL  QUANTITIES 

Day  of  month 

Time  of  test 

Duration,  hours 

Weight  of  coal  as  fired,  Ibs 

Weight  of  coal  dropped  through  grate,  Ibs 

Weight  of  coal  actually  burned,  Ibs 

Percentage  of  surface  moisture  in  coal 

Total  weight  of  dry  coal  consumed,  Ibs 

Total  ash  and  refuse,  Ibs 

Per  cent  of  ash  and  refuse  to  dry  coal 

Per  cent  of  combustible  in  the  ash 

Total  weight  of  water,  Ibs 

Quality  of  steam,  per  cent 

Water  actually  evaporated,  Ibs 

Factor  of  evaporation 

Equivalent  water  evaporated  from  and  at  212°,  Ibs. 

HOURLY  QUANTITIES 


Coal  consumed  per  hour,  Ibs 

Dry  coal  consumed  per  hour,  Ibs 

Coal  consumed  per  hour  per  square  foot  grate  surface,  Ibs .  . 
Dry  coal  consumed  per  hour  per  square  foot  grate  surface,  Ibs. . . 
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Apparent  water  evaporated  per  hour,  Ibs 

Water  evaporated  per  hour  corrected  for  quality  of  steam,  Ibs 

Equivalent  evaporation  dry  steam  per  hour  from  and  at  212°,  Ibs 

Equivalent  evaporation  per  hour  per  square  foot  of  heating  surface,  Ibs . 

AVERAGE  PRESSURES,  TEMPERATURES,  ETC. 


Steam  pressure,  gauge 

Temp,  of  feed  water 

Temp,  of  escaping  flue  gases 

Draft  over  fire,  inches  of  water 

Draft  in  breeching,  inches  of  water (stack  draft ) , 

Temp,  of  steam 

Temp,  of  steam  from  table 

Degrees  of  superheat 

CO»  in  flue  gas 

Calorific  value  of  coal  in  B.  t.  u 


HORSE-POWER 

Horse-power  developed 

Builders'  rated  horse-power 

Per  cent  of  rated  horse-power  developed 


ECONOMIC  RESULTS 


Actual  evap.  per  Ib.  coal  as  fired 

Equivalent  evap.  per  Ib.  coal  as  fired 

Equivalent  evap.  per  Ib.  coal  dry 

Equivalent  evap.  per  Ib.  combustible 

Efficiency  of  boiler  and  grate,  based  on  dry  coal. 
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Data  Supplementary  to  Form  of  Report  in  Table  XX— Reverse 

Side  of  Sheet 

TABLE  XXI 
OBJECT:.  . 


CONDITION  OF  BOILER: 

Tubes  blown Tubes  bored Boiler  washed . 

Condition  of  bridge  wall 

Condition  of  setting 


CONDITION  OF  FIRE: 

Thickness Speed  of  grate. . . 

Fire  from  bridge  wall 

Long  or  short  flame 

General  color 

Working  of  fire 

Weather..  ..  Condition  of  wind . 


COAL: 

From 

Kind..  Car. 


PROXIMATE  ANALYSIS:  SIZING:  ANALYSIS  OF  REFUSE 

(DRY) 

Moisture %  Over  1  \"  screen %        Combustible % 

Volatile Thru  1"       "     ....  Ash 

Fixed  Carbon Thru    i"     "     

Sulphur Thru    \"     "     

Ash Thru    \"     "     ....  B.t.u 

REMARKS: 
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TABLE 

CORRECT    READINGS   OF   BAUME 
TABLE  OF  SPECIFIC  GRAVITY  WITH 


Hy- 
drom- 
eter. 

20°  B 

40° 

?. 

42° 
F. 

440 
F. 

46° 
F. 

48° 
F. 

50° 
F. 

52° 
F. 

54° 
F. 

56° 
F. 

58° 
F. 

60° 

7  f 

62° 

F. 

19.9 

64° 
F. 

66° 

F. 

9.6 

68° 
F. 

1.1 

21.0 

20.9 

0.7 

0.6 

J0.5 

20.4 

0.3 

0.2 

20.1 

0.0 

19.8 

19.5 

22°  B 

3.2 

23.0 

22.9 

2.8 

2.7 

2.5 

22.4 

2.3 

2.2 

22.1 

2.0 

21.9 

21.7 

21.6 

21.5 

24°  B 

5.2 

25.1 

25.0 

4.8 

4.7 

24.6 

24.5 

24.4 

4.3 

24.1 

4.0 

23.9 

23.7 

23.6 

23.5 

26  °B 

7.3 

27.2 

27.0 

6.9 

6.7 

26.6 

26.5 

26.4 

6.3 

26.1 

6.0 

25.9 

25.7 

26.6 

25.5 

28°  B 

9.3 

29.2 

29.1 

8.9 

8.8 

28.6 

28.5 

28.4 

8.3 

28.1 

8.0 

J7.9 

27.8 

27.6 

27.5 

30°  B 

1.4 

31.2 

31.1 

1.0 

0.8 

30.7 

30.5 

30.4 

0.3 

30.1 

0.0 

29.9 

29.7 

29.6 

29.5 

32°  B 

3.5 

33.3 

33.1 

3.0 

2.9 

32.7 

32.6 

32.4 

32.3 

32.1 

32.0 

31.9 

1.7 

31.6 

31.4 

34°  B 

5.5 

35.4 

35.2 

5.1 

4.9 

34.8 

4.6 

34.5 

34.3 

34.2 

34.0 

33.8 

33.7 

33.5 

33.4 

36°  B 

7.6 

37.4 

37.2 

37.1 

36.9 

36.8 

36.6 

36.5 

36.3 

36.2 

36.0 

35.8 

35.7 

35.5 

35.4 

38°  B 

9.6 

39.4 

39.3 

39.1 

39.0 

38.8 

38.6 

38.5 

38.3 

38.2 

38.0 

37.8 

37.7 

37.5 

37.4 

40°  B 

41.6 

41.5 

41.3 

41.2 

41.0 

40.8 

40.7 

40.5 

40.3 

40.2 

40.0 

39.8 

39.7 

39.5 

39.4 

42°  B 

43.7 

43.5 

43.4 

43.2 

43.0 

42.9 

42.7 

42.5 

42.3 

42.2 

42.0 

41.8 

41.7 

41.5 

41.3 

44°  B 

45.7 

45.6 

45.4 

45.2 

45.1 

44.9 

44.7 

44.5 

44.4 

44.2 

44.0 

43.8 

43.7 

43.5 

43.3 

46°  B 

47.8 

4t.6 

47.4 

47.3 

47.1 

46.9 

46.7 

46.6 

46.4 

46.2 

46.0 

45.8 

45.7 

45.5 

45.3 

48°  B 

49.9 

49.7 

49.5 

49.3 

49.1 

48.9 

48.8 

48.6 

48.4 

48.2 

48.0 

47.8 

47.6 

47.4 

47.3 

60°  B 

52.0 

51.8 

51.6 

51.4 

51.2 

51.0 

50.8 

50.6 

50.4 

50.2 

50.0 

49.8 

nt  o 

49.4 

49.2 

52°  B 

54.0 

43.8 

53.6 

53.4 

53.2 

53.0 

52.8 

52.6 

52.4 

52.2 

52.0 

51.8 

51.6 

51.4 

51.1 

54°  B 

56.1 

55.9 

55.7 

55.4 

55.2 

55.05 

54.8 

54.6 

54.4 

54.2 

54.0 

53.8 

53.6 

53.4 

53.15 

56°  B 

58.2 

58.0 

57.8 

57.5 

57.3 

57.1 

56.9 

56.7 

56.4 

56.2 

56.0 

55.8 

55.6 

55.4 

55.2 

58°  B 

60.3 

60.0 

59.8 

59.6 

59.3 

59.1 

58.9 

58.7 

58.4 

58.2 

58.0 

57.8 

57.6 

57.3 

57.1 

60°  B 

62.3 

62.1 

61.9 

61.6 

61.4 

61.1 

60.9 

60.7 

60.5 

60.2 

60.0 

59.8 

59.6 

59.3 

59.1 

62°  B 

64.4 

64.0? 

63.9 

63.6 

63.45 

63.1S 

62.9S 

62.7 

62.5 

62.2 

62.0 

61.8 

61.55 

61.3 

61.1 

64°  B 

66.5 

66.2 

66.0 

65.7 

65.5 

65.2 

65.0 

64.7 

64.5 

64.2 

64.0 

63.8 

63.5 

63.3 

63.1 

66°  B 

68.C 

68.3 

68.0 

67.8 

67.5 

67.2 

67.0 

66.8 

66.5 

66.3 

66.0 

65.7 

65.5 

65.3 

65.0 

70°  B 

72.7 

72.5 

72.2 

71.9 

71.6 

71.3 

71.1 

70.8 

70.5 

70.3 

70.0 

69.7 

69.5 

69.2 

69.0 

72°  B 

74.J 

74.5 

74.2 

73.9 

73.6 

73.3 

73.1 

72.8 

72.5 

72.3 

72.C 

71.7 

71.5 

71.S 

70.9 

76°  B 

78.1 

178.6 

78.3 

78.0 

77.7 

77.4 

77.1 

76.9 

76.6 

76.3 

76.C 

75.7 

75.4 

75.S 

74.9 

80°  B 

83.( 

)82.7 

82.4 

82.1 

81.8 

81.5 

81.2 

80.9 

80.6 

80.3 

80.C 

79.' 

79.4 

79.1 

78.8 
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XXII1 

HYDROMETER    AT   60°   F. 
CORRECTIONS  FOR  TEMPERATURE. 


70° 
F. 

72° 
F. 

74° 
F. 

76° 
F. 

78° 
F. 

80° 
F. 

82° 
F. 

84° 
F. 

80° 
F. 

88° 
F. 

90° 
F. 

92° 
F. 

94° 
F. 

18.1 

96° 
F. 

98° 
F. 

100° 
F. 

10.4 

19.3 

19.2 

19.1 

19.0 

18.9 

18.7 

18.7 

18.6 

18.5 

18.4 

18.2 

18.0 

17.8 

17.9 

21.4 

21.3 

21.1 

21.0 

20.9 

20.8 

20.7 

20.6 

20.5 

20.4 

20.3 

20.2 

20.1 

19.9 

19.8 

19.7 

23.4 

23.2 

23.1 

23.0 

22.9 

22.8 

22.6 

22.5 

22.4 

22.3 

22.2 

22.1 

21.9 

21.8 

21.7 

21.6 

25.3 

25.2 

25.1 

25.0 

24.8 

24.7 

24.6 

24.5 

24.4 

24.2 

24.1 

24.0 

23.9 

23.7 

23.6 

23.5 

27.3 

27.2 

27.1 

26.9 

26.8 

26.7 

26.5 

26.4 

26.3 

26.2 

26.0 

25.9 

25.8 

25.6 

25.5 

25.4 

29.3 

29.2 

29.0 

28.9 

28.8 

28.6 

28.5 

28.4 

28.2 

28.1 

28.0 

27.8 

27.7 

27.6 

27.5 

27.3 

31.3 

31.2 

31.0 

30.9 

30.7 

30.6 

30.4 

30.3 

30.2 

30.0 

29.9 

29.7 

29.C 

29.5 

29.3 

29.2 

33.3 

33.1 

33.0 

32.8 

32.7 

32.5 

32.4 

32.2 

32.1 

32.0 

31.8 

31.6 

31.5 

31.4 

31.2 

31.1 

35.2 

35.1 

34.9 

34.8 

34.6 

34.5 

34.3 

34.2 

34.0 

33.9 

33.7 

33.5 

33.4 

33.3 

33.1 

33.0 

37.2 

37.1 

36.9 

MJ 

36.6 

36.4 

36.3 

36.1 

36.0 

35.8 

35.6 

35.5 

35.3 

35.2 

35.0 

34.9 

39.2 

39.0 

38.9 

38.7 

38.5 

38.4 

38.2 

38.1 

37.9 

37.7 

37.6 

37.4 

37.2 

37.1 

36.9 

36.8 

41.2 

41.0 

40.8 

40.7 

40.5 

40.3 

40.2 

40.0 

39.8 

39.7 

39.5 

39.3 

39.2 

39.0 

38.9 

38.7 

43.1 

43.0 

42.8 

42.6 

42.5 

42.3 

42.1 

42.0 

41.8 

41.6 

41.4 

41.3 

41.1 

40.9 

40.8 

40.6 

45.1 

44.9 

44.8 

44.6 

44.4 

44.2 

44.1 

43.9 

43.7 

43.6 

43.4 

43.1 

43.0 

42.9 

42.7 

42.6 

47.1 

46.9 

46.7 

46.5 

46.4 

46.2 

46.0 

45.8 

45.7 

45.5 

45.3 

45.2 

45.0 

44.8 

44.6 

44.5 

49.1 

48.9 

48.7 

48.5 

48.3 

48.1 

48.0 

47.8 

47.6 

47.4 

47.3 

47.1 

46.9 

46.7 

46.5 

46.4 

51.0 

50.8 

50.6 

50.4 

50.3 

50.1 

49.9 

49.7 

49.5 

49.4 

49.2 

49.0 

48.8 

48.6 

48.4 

48.3 

53.0 

52.8 

52.55 

52.35 

52.2 

52.0 

51.8 

51.6 

51.45 

51.30 

51.1 

50.9 

50.7 

50.5 

50.3 

50.15 

55.0 

54.8 

54.5 

54.3 

54.1 

53.9 

53.7 

53.5 

53.4 

53.2 

53.0 

52.8 

52.6 

52.4 

52.2 

52.0 

56.9 

56.7 

.j«;  .1 

56.3 

56.1 

55.9 

55.7 

55.5 

55.3 

55.1 

54.9 

54.7 

54.5 

54.3 

54.1 

53.9 

58.9 

58.7 

58.5 

58.2 

58.0 

57.8 

57.6 

57.4 

57.2 

57.0 

56.8 

56.6 

56.4 

56.2 

55.9 

55.7 

60.85 

60.75 

60.45 

60.15 

59.95 

59.75 

59.50 

59.3 

59.1 

58.9 

58.7 

58.5 

58.3 

58.1 

57.8 

57.6 

62.8 

62.6 

62.4 

62.1 

61.9 

61.7 

61.4 

61.2 

61.0 

60.8 

60.6 

60.4 

60.2 

59.9 

59.7 

59.5 

64.8 

64.5 

MJ 

64.1 

63.8 

63.6 

63.4 

63.2 

62.9 

62.7 

62.5 

62.3 

62.1 

f,l..s 

61.6 

61.4 

68.7 

68.4 

68.2 

68.0 

67.7 

67.5 

67.2 

67.0 

66.7 

66.5 

66.3 

hi;  i 

65.8 

65.6 

65.3 

65.1 

70.7 

70.4 

70.2 

69.9 

69.6 

69.4 

69.2 

68.9 

68.7 

68.4 

68.2 

.',7  11 

.17.7 

67.4 

67.2 

67.0 

74.6 

74.3 

74.0 

73.8 

73.5 

73.2 

73.0 

72.7 

72.5 

72.2 

71.9 

71.7 

71.4 

71.2 

70.9 

70.7 

78.5 

78.2 

77.9 

77.; 

77.3 

77.1 

76.8 

76.5 

76.3 

76.0 

76.7 

7.-,  -2 

75.1 

74.9 

74.6 

74.4 

1  T.  B.  Stillman,  reprinted  by  courteiy  Chemical  Publishing  Co. 
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fc  TABLE  XXIII 

AIR  SUPPLY  NECESSARY  FOR  THE  COMBUSTION 
OF  VARIOUS  FUELS » 


Fuel. 

Weight  of  Given  Constituent 
in  1  Ib.  of  Fuel. 

Pound*  of 
Air  Required 
per  Pound 
of  Fuel. 

Carbon, 
Per  Cent. 

Hydrogen, 
Per  Cent. 

Oxygen, 
Per  Cent. 

Wood  Charcoal  

93 
80 

94 
91.5 
87 
70 
58 
50 
85 

3.5 
5.0 
5.0 
6.0 

2.6 
4.0 
20.0 
31.0 

11.16 
9.60 

11.28 
12.13 
12.06 
9.30 
7.68 
6.00 
15.65 

Peat          "        

Coke  

Anthracite  Coal  

Dry  Bituminous  Coal   .    .  . 

Lignite  

Dry  Peat  

Dry  Wood     

Mineral  Oil.        

"  Stirling,"  page  107. 
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TABLE  XXIV^ 

HEAT  UNITS  CARRIED  OFF  BY  ESCAPING  GASES  AT  VARIOUS 
TEMPERATURES  ABOVE  THAT  OF  THE  ATMOSPHERE  AND 
VARIOUS  EXCESS  AIR  SUPPLIES.' 


Excess  of  Air  in 
Per  Cent. 

Temperature  of  Waste  Gases  above  that 
of  Atmosphere. 

300 

350 

400 

450 

500 

550 

B.t.u. 
1276 
1862 
2155 
2448 
2742 
3035 
3328 
3621 

0  

B.tu. 

695 
1016 
1176 
1336 
1495 
1655 
1815 
1975 

B.t.u. 
812 
1185 
1372 
1558 
1745 
1931 
2118 
2304 

B.t.u. 

928 
1354 
1568 
1781 
1994 
2207 
2420 
2633 

B.t.u. 
1044 
1524 
1764 
2003 
2243 
2483 
2715 
2975 

B.t.u. 

1160 
1693 
1959 
2226 
2492 
2759 
3025 
3291 

50  

75  

100  

125  

150  

175  

200  

1  "  A  Treatise  on  Mechanical  Draft,"  issued  by  the  B.  F.  Sturtevant  Co., 
of  Boston,  Mass. 

TABLE  XXV 
NORMAL  SOLUTIONS 

Normal  sulphuric  acid  (N/l  H»S04)  contains  49  grams  of  sulphuric   acid 

per  liter. 
Normal  hydrochloric  acid   (N/l  HC1)  contains  36.5  grams  of/  hydrochloric 

acid  per  liter. 

Normal  nitric  acid  (N/l    HNO»)  contains  63  grams  of  nitric  acil  per  liter. 
Normal  oxalic  acid  (N/l    CjO4Hj-2HiO)  contains  63  grams  oxalic  acid  per 

liter. 
Normal  potassium  hydroxide  (N/l     KOH)  contains  56    grams   potassium 

hydrate  per  liter. 
Normal  sodium  hydroxide  (N/l    NaOH)  contains  40  grams  sodium  hydrate 

per  liter. 

Normal  sodium  carbonate  (N/l     NajCOj)  contains  53  grams  sodium  car- 
bonate per  liter. 
One-tenth  normal  potassium  permanganate  (N/10    KMNO«)  contains  3.156 

grams  potassium  permanganate  per  liter. 
One-tenth   normal   silver    nitrate    (N/10    AgNO»)  contains  16.966   grams 

silver  nitrate  per  liter. 
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TABLE  XXVI 


RELATION  OF  BAUME  DEGREES  TO  SPECIFIC  GRAVITY  AND 
THE  WEIGHT  OF  ONE  U.  S.  GALLON  AT  60°  F. 


Baume. 

Specific 
Gravity. 

Lbs.  per 
Gallon. 

Baum6. 

Specific 
Gravity. 

Lbs.  per 
Gallon. 

10 

"l.OOOO 

8.33 

46 

.7954 

6.63 

11 

.9929 

8.27 

47 

.7909 

6.59 

12 

.9859 

8.21 

48 

.7865 

6.55 

13 

.9790 

8.16 

49 

.7821 

6.52 

14 

.9722 

8.10 

50 

.7777 

6.48 

15 

.9655 

8.04 

51 

.7734 

6.44 

16 

.9589 

7.99 

52 

.7692 

6.41 

17 

.9523 

7.93 

53 

.7650 

6.37 

18 

.9459 

7.88 

54 

.7608 

6.34 

19 

.9395 

7.83 

55 

.7567 

6.30 

20 

.9333 

7.78 

56 

.7526 

6.27 

21 

.9271 

7.72 

57 

.7486 

6.24 

22 

.9210 

7.67 

58 

.7446 

6.20 

23 

.9150 

7.62 

59 

.7407 

6.17 

24 

.9090 

7.57 

60 

.7368 

6.14 

25 

.9032 

7.53 

61 

.7329 

6.11 

26 

.8974 

7.48 

62 

.7290 

6.07 

27 

.8917 

7.43 

63 

.7253 

6.04 

28 

.8860 

7.38 

64 

.7216 

6.01 

29 

.8805 

7.34 

65 

.7179 

5.98 

30 

.8750 

7.29 

66 

.7142 

5.95 

31 

.8695 

7.24 

67 

.7106 

5.92 

32 

.8641 

7.20 

68 

.7070 

5.89 

33 

.8588 

7.15 

69 

.7035 

5.86 

34 

.8536 

7.11 

70 

.7000 

5.83 

35 

.8484 

7.07 

71 

.6965 

5.80 

36 

.8433 

7.03 

72 

.6930 

5.78 

37 

.8383 

6.98 

73 

.6896 

5.75 

38 

.8333 

6.94 

74 

.6863 

5.72 

39 

.8284 

6.90 

75 

.6829 

5.69 

40 

.8235 

6.86 

76 

.6796 

5.66 

41 

.8187 

6.82 

77 

.6763 

5.63 

42 

.8139 

6.78 

78 

.6730 

5.60 

43 

.8092 

6.74 

79 

.6698 

5.58 

44 

.8045 

6.70 

80 

.6666 

5.55 

45 

.8000 

6.66 
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TABLE  XXVII 
THE  ATOMIC  WEIGHTS  OF  THE  COMMONER  ELEMENTS » 


Aluminum 27. 1 

Antimony 120.2 

Arsenic 75 . 0 

Barium 137.4 

Bismuth 208.5 

Boron 11.0 

Bromine 80.0 

Cadmium 112.4 

Calcium 40.1 

Carbon 12.0 

Chlorine 35.4 

Chromium 52 . 1 

Cobalt 59.0 

Copper 63.6 

Fluorine 19.0 

Gold 197.2 

Hydrogen 1.01 

Iodine 127.0 

Iron..  55.9 


Lead 206.90 

Lithium 7 . 03 

Magnesium 24 . 36 

Manganese 55 . 00 

Mercury 200.00 

Nickel 58.70 

Nitrogen 14. 04 

Oxygen 16.00 

Phosphorus 31.00 

Platinum 194.80 

Potassium 39. 10 

Silicon 28.40 

Silver 107.90 

Sodium 23.00 

Strontium 87.60 

Sulphur 32.10 

Tin 119.00 

Tungsten 184.00 

Zinc..  65.40 


1  Kent. 
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TABLE  XXVIII 
EFFECT  OF  HEAT  UPON  VARIOUS  BODIES 


Substance. 


Deg.  F. 


Substance. 


Air-furnace 

Ammonia       boils 

Ammonia  (liq.)  freezes 

Antimony       melts 

Arsenic  melts 

Beeswax         melts 

Bismuth         melts 

Blood  (human)  heat 

"          "       freezes 

Brandy  freezes 

Brass  melts 

Cadmium       melts 

Charcoal         burns 

Coal  Tar         boils 

Cold  (greatest  artificial) .... 

Cold  (greatest  natural) 

Common  Fire 

Copper  melts 

Glass  melts 

Gold  (fine)     melts 

Guttapercha  softens 

Heat  (cherry  red) 

Heat  (bright  red) 

Heat  red,  visible  by  day. . . . 

Heat  (white) 

Highest    natural     tempera- 
ture, Egypt 

Ice  melts 

Iron  (cast)      melts 

1 '  (wrought)  melts 

' '  bright  red  in  dark .  .  . 
' '  red  hot  in  twilight 

Lard  boils 

Mercury         boils 

volatilizes.  .  .  . 
"  freezes.  . 


3300 

140 

-46 

951 

365 

151 

476 

98 

25 

-7 

1900 

600 

800 

325 

-166 

-56 

790 

2548 

2377 

2590 

145 

1500 

1860 

1077 


117 

2100 

2980 

752 

884 

540 

662 

680 

-39 


Milk  freezes .  . . 

Naphtha  boils 

Nitric  Acid,  specific  gravity 


1.424, 

Nitrous  Oxide 
Olive  Oil 
Petroleum 

Phosphorus 

<  < 

Pitch 
Platinum 
Potassium 
Proof  Spirit 
Saltpetre 
Sea  Water 
Silver  (fine) 


freezes.  .  . 

freezes.  .  . 

freezes.  .  . 

boils 

melts.  .  . . 

boils 

melts.  .  .  . 

melts.  .  .  . 

melts.  .  .  . 

freezes.  .  . 

melts.  .  . . 

freezes.  .  . 

melts.  .  .  . 
Snow  and  Salt  (equal  parts) 
Spermaceti  melts.  .  .  . 

Spirits  of  Turpentine 

freezes.  .  . 
Steel  melts.  .  .  . 

Steel  polished  blue 

Steel  (straw  color) 

Strong  Wines       freeze.  .  . . 
Sulphur  melts.  .  .  . 

Sulphuric  Acid,  specific 

gravity  1.641,  freezes.  .  . 
Sulphuric  Ether  freezes. .  . . 

"     boils 

Tallow  melts.  .  .  . 

Tin  melts.  .  .  . 

Vinegar  freezes.  . . 

Vinous  fermentation 

Water  (in  vacuo)  boils 
Zinc  melts.  . 
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TABLE  XXIX 
ENERGY  EQUIVALENTS 

One  Horse-power  equals     33,000  foot-pounds  per  minute. 
"  "  550     "        "        "  second. 

"     1,980,000     "        "        "  hour. 
0.709  B.t.u.  per  second. 
"  42.4  "       "minute. 

2,545.  "       "hour. 

746  watts,  or  0.746  kilowatt. 
2,750  candle  power. 

One  Kilowatt  equals          1,000  watts. 

1.34  horse-power. 

"      2,654,200      foot-pounds  per  hour. 
"          44,240  "  "  minute. 

"  737.3  "  "  second. 

"  56.9  B.t.u.  per  minute. 

3,412.          "       "  hour. 
0.948  "       "second. 

One  British  Thermal  Unit  equals  one  Ib.  water  raised  1°  F. 

778  foot-pounds. 
"  0 . 000293  kilowatt  hour. 

"  0 . 000393  horse-power  hour. 
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TABLE  XXX 
METRIC   EQUIVALENTS 

Millimeters  X      .  03937  =  inches. 

H-25.4         =       " 
Centimeters  X     .394     «=       " 
-f-  2.54       -       " 
Meters  X39 . 37  =  inches. 
"      X3.28   =feet. 
"      Xl.094=yards. 
Kilometers  X         .  621  =  miles. 

X3280.7     =feet. 

Cubic  Centimeters  -=- 16 . 387  =  cubic  inches. 
"  ^3.69   =  fluid  drachms. 

"  -H29.57   =  fluid  ounces. 

Cubic  Meters X  35. 3 14=  cubic  feet. 
"      X     1 . 308  =  cubic  yards. 
"      X264.2     =  gallons  (231  cu.in.) 
Liters  X61 . 023  =  cubic  inches. 
X33.84   =fluid  ounces. 
X.2642   =  gallons  (231  cu.in.) 
-=-  3.78   =  gallons         " 
-=-28. 317  =  cubic  feet. 
Grammes  X 15. 432  =  grains. 

"        (water) -j- 29. 57   =  fluid  ounces. 
' '  T-  28 . 35   =  ounces  avoirdupois. 

Grammes  per  cubic  centimeter +27 . 7  =  Ibs.  per  cubic  inch. 
Kilowatts  X 1 . 35  =  horse-power. 
Watts  H- 746 

"     -j-737         =  foot-pounds  per  second. 
Calorie  X3. 968  =  B.t.u. 
Centigrade  X 1 . 8  +32  =  degrees  Fahrenheit. 
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TABLE  XXXI 
CIRCUMFERENCE  OF  CIRCLES 


Diam- 
eter. 

Circum- 
ference. 

Diam- 
eter. 

Circum- 
ference. 

Diam- 
eter. 

Circum- 
ference. 

Diam- 
eter. 

Circum- 
ference. 

i 

.3927 

10 

31.41 

30 

94.24 

65 

204.2 

i 

.7854 

* 

32.98 

31 

97.38 

66 

207.3 

* 

1.178 

11 

34.55 

32 

100.5 

67 

210.4 

* 

1.570 

i 

36.12 

33 

103.6 

68 

213.6 

1 

.1.963 

12 

37.69 

34 

106.8 

69 

216.7 

i 

2.356 

1 

39.27 

35 

109.9 

70 

219.9 

i 

2.748 

13 

40.84 

36 

113.0 

71 

223.0 

i 

3.141 

i 

42.41 

37 

116.2 

72 

226.1 

i 

3.534 

14 

43.98 

38 

119.3 

73 

229.3 

i 

3.927 

i 

45.55 

39 

122.5 

74 

232  .4 

1 

4.319 

15 

47.12 

40 

125.6 

75 

235.6 

i 

4.712 

i 

48.69 

41 

128.8 

76 

238.7 

I 

5.105 

16 

50.26 

42 

131.9 

77 

241.9 

i 

5.497 

i 

51.83 

43 

135.0 

78 

245.0 

I 

5.890 

17 

53.40 

44 

138.2 

79 

248.1 

2 

6.283 

i 

54.97 

45 

141.3 

80 

251.3 

i 

7.068 

18 

56.54 

46 

144.5 

81 

254.4 

•2 

7.854 

i 

58.11 

47 

147.6 

82 

257.6 

I 

8.639 

19 

59.69 

48 

150.7 

83 

260.7 

3 

9.424 

i 

61.26 

49 

153.9 

84 

263.8 

i 

10.21 

20 

62.83 

50 

157.0 

85 

267.0 

i 

10.99 

i 

64.40 

51 

160.2 

86 

270.1 

! 

11.78 

21 

65.97 

52 

163.3 

87 

273.3 

4 

12.56 

i 

67.54 

53 

166.5 

88 

276.4 

i 

14.13 

22 

69.11 

54 

169.6 

89 

279.6 

5 

15.70 

i 

70.68 

55 

172.7 

90 

282.7 

i 

17.27 

23 

72.25 

56 

175.9 

91 

285.8 

6 

18.84 

i 

73.82 

57 

179.0 

92 

289.0 

i 

20.42 

24 

75.39 

58 

182.2 

93 

292.1 

7 

21.99 

i 

76.96 

59 

185.3 

94 

•J«»:)  :; 

i 

23.56 

25 

78.54 

60 

188.4 

95 

298.4 

8 

25.13 

26 

81.68 

61 

191.6 

96 

301.5 

i 

26.70 

27 

84.82 

62 

194.7 

97 

304.7 

9 

28.27 

28 

87.96 

63 

197.9 

98 

307.8 

i 

29.84 

29 

91.10 

64 

201.0 

99 

311.0 

198 


APPENDIX 


TABLE  XXXII 
CENTIGRADE  AND  FAHRENHEIT  SCALES 


Temperature. 

Temperature. 

Centigrade. 

Fahrenheit. 

Centigrade. 

Fahrenheit. 

0 

32 

50 

122 

5 

41 

55 

131 

10 

50 

60 

140 

15 

59 

65 

149 

20 

68 

70 

158 

25 

77 

75 

167 

30 

86 

80 

176 

.35 

95 

85 

185 

38 

100.4 

90 

194 

40 

104 

95 

203 

42 

107.6 

100 

212 

45 

113 

Temperature  Centigrade  =  5/9  (Temp.  F.  -32). 
Temperature  Fahrenheit  =9/5  Temp.  C.  +32, 
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TABLE  XXXIII 
RELATIVE  WEIGHT  OF  MATERIALS 


Authorities,  Kent.  Foster,  etc. 


Specific 
Gravity. 


Pounds  per 
Cu.  Ft. 


Lbs.  per 
Cu.  Inch. 


Aluminum,  cast 2 . 56 

sheet,  rod  or  wire. ...          2 . 67 

Antimony 6 . 76 

Bismuth 9.82 

Brass,  cast  (70%  Copper) 8.4 

Bronze  (90%  Copper) 8.85 

Copper,  sheet  or  wire 8.93 

Iron,  cast 7.218 

' '    wrought 7 . 70 

Lead,  cast 11.38 

Mercury  (60°) 13.58 

Platinum 21.50 

Silver  (standard) 10.312 

Steel— Bessemer 7 .854 

Tin,  pure 7.29 

Zinc 7.0 

Glass 2.62 

Coal  in  storage 


159.6 
166.5 
421.6 
612.4 
523.8 
552.0 
556.8 
450.0 
480.0 
709.7 
846.8 
1342.13 
644.0 
489.6 
455.1 
436.5 
163.4 
52.0 


.0924 
.0963 
.2439 
.3544 
.3031 
.3195 
.3222 
.2604 
.2779 
.4106 
.4900 
.7767 
.3710 
.2834 
.2634 
.2526 
.0945 


TABLE  XXXIV 
WEIGHT  OF  LIQUIDS— AT  60C 


F. 


Authorities,  Kent,  etc. 


Specific 
Gravity. 


Pounds  per 
Cu.  Ft. 


Lbs.  per 
U.  S.  Gallon. 


Water,  British  Standard  at  62 c 

Sulphuric  Acid 

Carbon  Bisulphide 

Nitric  Acid 

Hydrochloric  Acid 

Sea  Water 

Tar. .  . 


1.000 
1.841 


Oil,  Linseed 

' '  Petroleum 

1 '  Turpentine .... 

Naphtha 

Alcohol,  commercial 
Sulphuric  Ether. . . . 


.260 
.217 
.20 
.03 
.015 
0.94 
0.878 
0.87 
0.848 
0.833 
0.72 


62.355 
115.80 
78.55 
76.00 
74.23 
63.95 
62.82 
58.72 
55.30 
53.55 
52.35 

;,i  s:> 

44.80 


8.33 

15.48 

10.50 

10.16 

9.93 

8.55 

8.40 

7.85 

7.39 

7.16 

7.00 

6.93 

6.00 
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TABLE  XXXV 
CONVENIENT  FACTS  FOR  REFERENCE. 

1  U.  S.  gallon  =231  cu.  in.  water  =  8.33  pounds. 

1  British  gallon  =  277. 27  cu.  in.  water  =  10  pounds. 

1  Cubic  foot =7.481  U.  S.  Gallons  =  62.36  pounds  water. 

1  Part  per  million  =  1  milligram  per  liter  =.0583  grains  per  U.  S.  Gal. 

1  Grain  per  U.  S.  gallon  =  17.138  parts  per  million. 

1  Pound  avoirdupois  =  7000  Grains. 

1  Ounce  avoirdupois  =  437.5  grains  =  28.35  Grammes. 

1  Gramme  =15.432  grains. 

Anthracite  coal  weighs  50-55  Ibs.  per  cu.  ft. 

Bituminous  coal  weighs  45-55  Ibs.  per  cu.  ft. 

One  ton  anthracite  coal  contains  45  cubic  feet. 

One  ton  bituminous  coal  contains  42  cubic  feet. 

One  bushel  of  coal  weighs  about  76  pounds. 

"        "      "      "  contains  about  1.554  cubic  feet. 
1  pound  per  square  inch=  2.0416  inches  mercury  at  62  degrees. 
"       "        "        "   =  2.309    feet  water  "    "        " 

"       "        "        "   =  27.71  inches  water 
To  prepare  indicators  for  alkalinity  determinations  of  water: 

Phenolphthalein. — Dissolve  one  part  in  thirty  parts  of  alcohol.     Color- 
less by  acids;  also  by  CO2;  red  violet  by  alkalies. 
Methyl-orange. — Dissolve  one  part  in  1000  parts  of  water.     Yellow 
color  by  alkalies;  purple  red  by  mineral  acids;  not  affected  by  CO». 

970.4  34.5 


2=1940.8  2=  69.0 

3=2911.2  3  =  103.5 

4-3881.6  4  =  138.0 

5=4852.0  5  =  172.5 

6=5822.4  6  =  207.0 

7=6792.8  7=241.5 

8=7763.2  8  =  276.0 

9=8733.6  9  =  310.5 
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TABLE  XXXVI 
SATURATED  STEAM1 


Pres- 
sure, 
Lhs. 
Aba. 

Temp.. 
Deg. 
Fahr. 

Latent 
Heat. 

Total 
Heat 
above 
32°. 

Pres- 
sure, 
Lbs. 
Abs. 

Temp., 
Deg. 
Fahr. 

Latent 
Heat 

Total 
Heat 
Above 
32°. 

1 

101.83 

1043.6 

1104.4 

M 

261.0 

937.7 

1167.3 

2 

126.15 

1021.0 

1115.0 

37 

262.6 

936.6 

1167.8 

3 

141.52 

1012.3 

1121.6 

38 

264.2 

935.5 

1168.4 

4 

153.01 

1005.7 

1126.5 

39 

265.8 

934.4 

1168.9 

5 

162.28 

1000.3 

1130.5 

40 

267.3 

933.3 

1169.4 

6 

170.06 

995.8 

1133.7 

41 

268.7 

932.2 

1169.8 

7 

176.85 

991.8 

1136.5 

42 

270.2 

931.2 

1170.3 

8 

182.86 

988.2 

1139.0 

43 

271.7 

930.2 

1170.7 

9 

188.27 

985.0 

1141.1 

44 

273.1 

929.2 

1171.2 

10 

193.22 

982.0 

1143.1 

45 

274.5 

928.2 

1171.6 

11 

197.75 

979.2 

1144.9 

46 

275.8 

927.2 

1172.0 

12 

201.96 

976.6 

1146.5 

47 

277.2 

926.3 

1172.4 

13 

205.87 

974.2 

1148.0 

48 

278.5 

925.3 

1172.8 

14 

209.55 

971.9 

1149.4 

49 

279.8 

924.4 

1173.2 

15 

213.0 

969.7 

1150.7 

50 

281.0 

923.5 

1173.6 

16 

216.3 

967.6 

1152.0 

51 

282.3 

922.6 

1174.0 

17 

219.4 

965.6 

1153.1 

52 

283.5 

921.7 

1174.3 

18 

222.4 

963.7 

1154.2 

53 

284.7 

920.8 

1174.7 

19 

225.2 

961.8 

1155.2 

54 

285.9 

919.9 

1175.0 

20 

228.0 

960.0 

1156.2 

55 

287.1 

919.0 

1175.4 

21 

230.6 

958.3 

1157.1 

56 

288.2 

918.2 

1175.7 

22 

233.1 

956.7 

1158.0 

57 

289.4 

917.4 

1176.0 

23 

235.5 

955.1 

1158.8 

58 

290.5 

916.5 

1176.4 

24 

237.8 

953.5 

1159.6 

59 

291.6 

915.7 

1176.7 

25 

240.1 

952.0 

1160.4 

60 

292.7 

914.9 

1177.0 

26 

242.2 

950.6 

1161.2 

61 

293.8 

914.1 

1177.3 

27 

244.4 

949.2 

1161.9 

62 

294.9 

913.3 

1177.6 

28 

246.4 

947.8 

1162.6 

63 

295.9 

912.5 

1177.9 

29 

248.4 

946.4 

1163.2 

64 

297.0 

911.8 

1178.2 

30 

250.3 

945.1 

1163.9 

65 

298.0 

911.0 

1178.5 

31 

252.2 

943.8 

1164.5 

66 

299.0 

910.2 

1178.8 

32 

254  1 

942.5 

1165.1 

67 

300.0 

909.5 

1179.0 

33 

255.8 

941.3 

1165.7 

68 

301.0 

908.7 

1179.3 

24 

257.6 

940.1 

1166.3 

69 

302.0 

908.0 

1179.6 

35 

259.3 

938.9 

1166.8 

70 

302.9 

907.2 

1179.8 

1  Marks  and  Davis. 
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TABLE  XXXVI— Continued 


Pres- 
sure, 
Lbs. 
Abs. 

Temp., 
Deg. 
Fahr. 

Latent 
Heat. 

Total 
Heat 
above 
32°. 

Pres- 
sure, 
Lbs. 
Abs. 

Temp., 
Deg. 
Fahr. 

Latent 
Heat. 

Total 
Heat 
above 
32°. 

71 

303.9 

906.5 

1180.1 

110 

334.8 

882.5 

1188.0 

72 

304.8 

905.8 

1180.4 

111 

335.4 

881.9 

1188.2 

73 

305.8 

905.1 

1180.6 

112 

336.1 

881.4 

1188.4 

74 

306.7 

904.4 

1180.9 

113 

336.8 

880.9 

1188.5 

75 

307.6 

903.7 

1181.1 

114 

337.4 

880.4 

1188.7 

76 

308.5 

903.0 

1181.4 

115 

338.1 

879.8 

1188.8 

77 

309.4 

902.3 

1181.6 

116 

338.7 

879.3 

1189.0 

78 

310.3 

901.7 

1181.8 

117 

339.4 

878.8 

1189.1 

79 

311.2 

901.0 

1182.1 

118 

340.0 

878.3 

1189.3 

80 

312.0 

900.3 

1182.3 

119 

340.6 

877.8 

1189.4 

81 

312.9 

899.7 

1182.5 

120 

341.3 

877.2 

1189.6 

82 

313.8 

899.0 

1182.8 

121 

431.9 

876.7 

1189.7 

83 

314.6 

898.4 

1183.0 

122 

342.5 

876.2 

1189.8 

84 

315.4 

897.7 

1183.2 

123 

343.2 

875.7 

1190.0 

85 

316.3 

897.1 

1183.4 

124 

343.8 

875.2 

1190.1 

86 

317.1 

896.4 

1183.6 

125 

344.4 

874.7 

1190.3 

87 

317.9 

895.8 

1183.8 

126 

345.0 

874.2 

1190.4 

88 

318.7 

895.2 

1184.0 

127 

345.6 

873.8 

1190.5 

89 

319.5 

894.6 

1184.2 

128 

346.2 

873.3 

1190.7 

90 

320.3 

893.9 

1184.4 

129 

346.8 

872.8 

1190.8 

91 

321.1 

893.3 

1184.6 

130 

347.4 

872.3 

1191.0 

92 

321.8 

892.7 

1184.8 

131 

348.0 

871.8 

1191.1 

93 

322.6 

892.1 

1185.0 

132 

348.5 

871.3 

1191.2 

94 

323.4 

891.5 

1185.2 

133 

349.1 

870.9 

1191.3 

95 

324.1 

890.9 

1185.4 

134 

349.7 

870.4 

1191.5 

96 

324.9 

890.3 

1185.6 

135 

350.3 

869.9 

1191.6 

97 

325.6 

889.7 

1185.8 

136 

350.8 

869.4 

1191.7 

98 

326.4 

889.2 

1186.0 

137 

351.4 

869.0 

1191.8 

99 

327.1 

888.6 

1186.2 

138 

352.0 

868.5 

1192.0 

100 

327.8 

888.0 

1186.3 

139 

352.5 

868.1 

1192.1 

101 

328.6 

887.4 

1186.5 

140 

353.1 

867.6 

1192.2 

102 

329.3 

886.9 

1186.7 

141 

353.6 

867.2 

1192.3 

103 

330.0 

886.3 

1186.9 

142 

354.2 

866.7 

1192.5 

104 

330.7 

885.8 

1187.0 

143 

354.7 

866.3 

1192.6 

105 

331.4 

885.2 

1187.2 

144 

355.3 

865.8 

1192.7 

106 

332.0 

884.7 

1187.4 

145 

355.8 

865.4 

1192.8 

107 

332.7 

884.1 

1187.5 

146 

356.3 

864.9 

1192.9 

108 

333.4 

833.6 

1187.7 

147 

356.9 

864.5 

1193.0 

109 

334.1 

883.0 

1187.9 

148 

357.4 

864.0 

1193.2 
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TABLE  XXXVI— Continued 


Pres- 
sure, 
Lbs. 
Abe. 

Temp., 
Deg. 

Fahr. 

Latent 
Heat. 

Total 
Heat 
above 
32°. 

Pres- 
sure, 
Lbs. 
Abs. 

Temp.. 
Deg. 
Fahr. 

Latent 
Heat. 

Total 
Heat 
above 
32°. 

149 

357.9 

863.6 

1193.3 

188 

376.7 

847.7 

1197.1 

150 

358.5 

863.2 

1193.4 

189 

377.2 

847.3 

1197.2 

151 

359.0 

862.7 

1193.5 

190 

377.6 

846.9 

1197.3 

152 

359.5 

862.3 

1193.6 

191 

378.0 

846.5 

1197.3 

153 

360.0 

861.8 

1193.7 

192 

378.5 

846.1 

1197.4 

154 

360.5 

861.4 

1193.8 

193 

378.9 

845.8 

1197.5 

155 

361.0 

861.0 

1194.0 

194 

379.3 

845.4 

1197.6 

156 

361.6 

860.6 

1194.1 

195 

379.8 

845.0 

1197.7 

157 

362.1 

860.1 

1194.2 

196 

380.2 

844.7 

1197.8 

158 

362.6 

859.7 

1194.3 

197 

380.6 

844.3 

1197.8 

159 

363.1 

859.3 

1194.4 

198 

381.0 

843.9 

1197.9 

160 

363.6 

858.8 

1194.5 

199 

381.4 

843.6 

1198.0 

161 

364.1 

858.4 

1194.6 

200 

381.9 

843.2 

1198.1 

162 

364.6 

858.0 

1194.7 

201 

382.3 

842.8 

1198.2 

163 

365.1 

857.6 

1194.8 

202 

382.7 

842.4 

1198.2 

164 

365.6 

857.2 

1194.9 

203 

383.1 

842.1 

1198.3 

165 

366.0 

856.8 

1195.0 

204 

383.5 

841.7 

1198.4 

166 

366.5 

856.4 

1195.1 

205 

384.0 

841.4 

1198.5 

167 

367.0 

855.9 

1195.2 

206 

384.4 

841.0 

1198.5 

168 

367.5 

855.5 

1195.3 

207 

384.8 

840.6 

1198.6 

169 

368.0 

855.1 

1195.4 

208 

385.2 

840.3 

1198.7 

170 

368.5 

854.7 

1195.4 

209 

385.6 

839.9 

1198.8 

171 

368.9 

854.3 

1195.5 

210 

386.0 

839.6 

1198.8 

172 

369.4 

853.9 

1195.6 

211 

386.4 

839.3 

1198.9 

173 

369.9 

853.5 

1195.7 

212 

386.8 

838.9 

1199.0 

174 

370.4 

853.1 

1195.8 

213 

387.2 

838.6 

1199.1 

175 

370.8 

852.7 

1195.9 

214 

387.6 

838.2 

1199.1 

176 

371.3 

852.3 

1196.0 

215 

388.0 

837.9 

1199.2 

177 

371.7 

851.9 

1196.1 

216 

388.4 

837.5 

1199.3 

178 

372.2 

851.5 

1196.2 

217 

388.8 

837.2 

1199.4 

179 

372.7 

851.2 

1196.3 

218 

389.1 

836.8 

1199.4 

180 

373.1 

850.8 

1196.4 

219 

389.5 

836.5 

1199.5 

181 

373.6 

850.4 

1196.5 

220 

389.9 

836.2 

1199.6 

182 

374.0 

850.0 

1196  6 

221 

390.3 

835.8 

1199.6 

183 

374.5 

849.6 

1196.7 

222 

390.7 

835.5 

1199.7 

184 

374.9 

849.2 

1196.8 

223 

391.1 

835.1 

1199.8 

185 

375.4 

848.8 

1196.8 

224 

391.5 

834.8 

1199.8- 

186 

375.8 

848.4 

1196.9 

225 

391.9 

834.4 

1199.9 

187 

376.3 

848.0 

1197.0 

226 

392.2 

834.1 

1200.0 
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TABLE  XXXVI— Continued 


Pres- 
sure, 
Lbs. 
Abs. 

Temp., 
Deg. 
Fahr. 

Latent 
Heat. 

Total 
Heat 
above 
32°. 

Pres- 
sure, 
Lbs. 
Abs. 

Temp., 
Deg. 
Fahr. 

Latent 
Heat. 

Total 
Heat 
above 
32°. 

227 

392.6 

833.8 

1200.0 

256 

403.1 

824.4 

1201.8 

228 

393.0 

833.4 

1200.1 

258 

403.8 

823.7 

1201.9 

229 

393.4 

833.1 

1200.2 

260 

404.5 

823.1 

1202.1 

230 

393.8 

832.8 

1200.2 

262 

405.2 

823.5 

1202.2 

231 

394.1 

832.4 

1200.3 

264 

405.9 

821.9 

1202.3 

232 

394.5 

832.1 

1200.4 

266 

406.6 

821.3 

1202.4 

233 

394.9 

831.8 

1200.4 

268 

407.2 

820.7 

1202.5 

234 

395.2 

831.4 

1200.5 

270 

407.9 

820.1 

1202.6 

235 

395.6 

831.1 

1200.6 

272 

408.6 

819.5 

1202.7 

236 

396.0 

830.8 

1200.6 

274 

409.2 

818.9 

1202.8 

237 

396.4 

830.4 

1200.7 

276 

409.9 

818.3 

1202.9 

238 

396.7 

830.1 

1200.7 

278 

410.5 

817.7 

1203.0 

239 

397.1 

829.8 

1200.8 

280 

411.2 

817.1 

1203.1 

240 

397.4 

829.5 

1200.9 

282 

411.8 

816.5 

1203.2 

241 

397.8 

829.2 

1200.9 

284 

412.4 

815.9 

1203.3 

242 

398.2 

828.8 

1201.0 

286 

413.1 

815.4 

1203.4 

243 

398.5 

828.5 

1201  .  1 

288 

413.7 

814.8 

1203.5 

244 

398.9 

828.2 

1201  .  1 

290 

414.4 

814.2 

1203.6 

245 

399.3 

827.9 

1201.2 

292 

415.0 

813.6 

1203.7 

246 

399.6 

827.5 

1201.2 

294 

415.6 

813.0 

1203.8 

247 

400.0 

827.2 

1201.3 

296 

416.2 

812.5 

1203.9 

248 

400.3 

826.9 

1201.4 

298 

416.8 

811.9 

1204.0 

249 

400.7 

826.6 

1201.4 

300 

417.5 

811.3 

1204.1 

250 

401.1 

826.3 

1201.5 

310 

420.5 

808.5 

1204.5 

252 

401.8 

825.6 

1201.6 

320 

423.4 

805.8 

1204.9 

254 

402.4 

825.0 

1201.7 

330 

426.3 

803.1 

1205.3 
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TABLE  XXXVII 
CfiEMICAL  FACTORS 


Found. 

Sought. 

Factor. 

Al,0, 

Al, 

0.5340 

Sb,O, 

Sb, 

0.8337 

BaSO4 

BaO 

0.6565 

BaSO4 

Ba 

0.5879 

CaO 

Ca 

0.7143 

CaSO4 

CaO 

0.4116 

CO, 

C 

0.2728 

CaCO, 

CO, 

0.4400 

CuO 

Cu 

0.7986 

Fe,O, 

Fe, 

0.7000 

Fe,O, 

2FeO 

0.9000 

MgO 

Mg 

0.6038 

Mg,P,O7 

2Mg 

0.2188 

PbSO4 

Pb 

0.6829 

Mg,P,07 

2P 

0.2785 

Mg,p,o7; 

P,0, 

0.6376 

K,S04 

K, 

0.4490 

K,S04 

K,O 

0.5408 

SiO, 

Si 

0.5788 

NajSO4 

Na, 

0.3244 

Na^O4 

Na,O 

0.4367 

NaCl 

Na 

0.3941 

BaSO4 

a 

0.1376 

BaSO4 

so, 

0.3435 

206  APPENDIX 

TABLE  XXXVIII 

WATER  BETWEEN  32°  AND  212°  F. 
Arranged  from  Kent's  Mechanical  Engineer's  Pocket  Book,  p.  688 


Tempera- 
ture Fahr. 

Heat  UniU 
per  I.I). 

Weight  Lbs. 
per  Cubic  Ft. 

Tempera- 
ture Fahr. 

Heat  UniU 
per  Lb. 

Weight  Lbs. 
per  Cubic  Ft. 

32 

0.00 

62.42 

114 

81.93 

61.83 

35 

3.02 

62.42 

115 

82.92 

61.82 

40 

8.05 

62.42 

116 

83.92 

61.80 

45 

13.07 

62.42 

117 

84.92 

61.78 

50 

18.08 

62.41 

118 

85.92 

61.77 

52 

20.08 

62.40 

119 

86.91 

61.75 

54 

22.08 

62.40 

120 

87.91 

61.74 

56 

24.08 

62.39 

121 

88.91 

61.72 

58 

26.08 

62.38 

122 

89.91 

61.70 

60 

28.08 

62.37 

123 

90.90 

61.68 

62 

30.08 

62.36 

124 

91.90 

61.67 

64 

32.07 

62.35 

125 

92.90 

61.65 

66 

34.07 

62.34 

126 

93.90 

61.63 

68 

36.07 

62.33 

127 

94.89 

61.61 

70 

38.06 

62.31 

128 

95.89 

61.60 

72 

40.05 

62.30 

129 

96.89 

61.58 

74 

42.05 

62.28 

130 

97.89 

61.56 

76 

44.04 

62.27 

131 

98.89 

61.54 

78 

46.04 

62.25 

132 

99.88 

61.52 

80 

48.03 

62.23 

133 

100.88 

61.51 

82 

50.03 

62.21 

134 

101.88 

61.49 

84 

52.02 

62.19 

135 

102.88 

61.47 

86 

54.01 

62.17 

136 

103.88 

61.45 

88 

56.01 

62.15 

137 

104.87 

61.43 

90 

58.00 

62.13 

138 

105.87 

61.41 

92 

60.00 

62.11 

139 

106.87 

61.39 

94 

61.99 

62.09 

140 

107.87 

61.37 

96 

63.98 

62.07 

141 

108.87 

61.36 

98 

65.98 

62.05 

142 

109.87 

61.34 

100 

67.97 

62.02 

143 

110.87 

61.32 

102 

69.96 

62.00 

144 

111.87 

61.30 

104 

71.96 

61.97 

145 

112.86 

61.28 

106 

73.95 

61.95 

146 

113.86 

61.26 

108 

75.95 

61.92 

147 

114.86 

61.24 

110 

77.94 

61.89 

14X 

115.86 

61.22 

112 

79.93 

61.86 

149 

116.86 

61.20 

113 

80.93 

61.85 

150 

117.86 

61.18 
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TABLE  XXXVIII— Continued 


Tempera- 
ture r'ahr. 

Heat  Units 
per  Lb. 

Weight  Lbs. 
per  Cubic  Ft. 

Tempera- 
ture Fahr. 

Heat  UniU 
per  Lb. 

Weight  Lbs. 
per  Cubic  Ft. 

151 

118.86 

61.16 

182 

149.89 

60.50 

152 

119.86 

61.14 

183 

150.89 

60.48 

153 

120.86 

61.12 

184 

151.89 

60.46 

154 

121.86 

61.10 

185 

152.89 

60.44 

155 

122.86 

61.08 

186 

153.89 

60.41 

156 

123.86 

61.06 

187 

154.90 

60.39 

157 

124.86 

61.04 

188 

155.90 

60.37 

158 

125.86 

61.02 

189 

156.90 

60.34 

159 

126.86 

61.00 

190 

157.91 

60.32 

160 

127.86 

60.98 

191 

158.91 

60.29 

161 

128.86 

60.96 

192 

159.91 

60.27 

162 

129.86 

60.94 

193 

160.91 

60.25 

163 

130.86 

60.92 

194 

161.92 

60.22 

164 

131.86 

60.90 

195 

162.92 

60.20 

165 

132.86 

60.87 

196 

163.92 

60.17 

166 

133.86 

60.85 

197 

164.93 

60.15 

167 

134.86 

60.83 

198 

165.93 

60.12 

168 

135.86 

60.81 

199 

166.94 

60.10 

169 

136.86 

60.79 

200 

167.94 

60.07 

170 

137.87 

60.77 

201 

168.94 

60.05 

171 

138.87 

60.75 

202 

169.95 

60.02 

172 

139.87 

60.73 

203 

170.95 

60.00 

173 

140.87 

60.70 

204 

171.96 

59.97 

174 

141.87 

60.68 

205 

172.96 

59.95 

175 

142.87 

60.66 

206 

173.97 

59.92 

176 

143.87 

60.64 

207 

174.97 

59.89 

177 

144.88 

60.62 

208 

175.98 

59.87 

178 

145.88 

60.59 

209 

176.98 

59.84 

179 

146.88 

60.57 

210 

177.99 

59.82 

180 

147.88 

60.55 

211 

178.99 

59.79 

181 

148.88 

60.53 

212 

180.00 

59.76 
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TABLE  XXXIX 
HEATING  VALUES  OF  VARIOUS  FUELS 


Fuel. 

Heat  Unite. 

Authority. 

Natural  gas  

1,103,300  B.t.u.  per 
735,000      "        " 
322,000      "        " 
156,000      "        " 
12,500  to  13,800  B.t 

14,500 
13,600 
9,000 

13,600 
18,400 
6,600  to    9,800 
6,500  to  11,000 
5,400  to    9,400 

1000  c 

< 

i 
< 

.u.  per 

u.  ft. 
Ib. 

Barr 

t  ( 
(  « 

" 

« 
« 
« 

U.  S.  G.  S. 
Ban- 
Kent 

Barr 

« 

Coal         "   

Water      "   

Producer  "   

Coke  

Bituminous  coal: 
High  grade  

Medium  "  

Low             

Anthracite  coal,  Carbon  Co. 
Pa... 

Crude  oil  

Wood  

Lignite  

Peat  

INDEX 


Accuracy  of  flow-meters 155,  156 

Acid,  test  for,  in  oil 178 

Adulteration  of  lubricating  oil 171 

Air  flow  through  orifice 145 

Air  pressure  in  furnace,  range  of 41 

Air  supply  for  various  fuels 190 

Air  supply,  relation  to  furnace  economy 38 

Alkalies,  caustic,  in  boiler  scale 86 

Alkalinity  in  water 55,  74 

bicarbonate 74 

caustic 74 

normal  carbonate 74 

reduction  by  heat 75 

total,  determination  of 56,  74 

Aluminum  hydrate  in  chlorine  test 80 

Aluminum  oxide,  determination  of 83 

Animal  fats  in  compounded  oils 170 

Arch,  ignition,  function  of 38 

Atomic  weights 193 

Available  energy  in  expanding  steam 163 

Ash  in  coal,  determination  of 17 

calorific  value 29,  45 

weight  from  boiler  test 96 

B 

Baffles,  leaks  in 45,  47 

Balance,  Troemner 15 

Barometer 130 

Baume"  degrees  to  specific  gravity,  relation  of 192 

209 


210  INDEX 

PAGE 

Baiirni'  readings  corrected  to  60°  Fahrenheit 188 

Bicarbonate  alkalinity  reduced  by  heat 75 

Bicarbonates 53,  71 

Bloom  in  oil 171 

Blowing  off  to  reduce  concentration 81 

Boiler,  Babcock  &  Wilcox 47 

Boiler  capacity,  definition 97 

Boiler  compounds 78 

Boiler  efficiency,  definition 97 

Boiler,  function  of 46 

Boiler,  heat  available  for  absorption 46 

Boiler,  heat  transmission  in 46 

Boiler  horse-power,  curve  of  fluctuation 108,  109 

method  of  figuring 100 

rated 97 

Boiler  scale,  analysis  of 85,  86 

Boiler  tests 90 

checking  on  hand-fired  grate 96 

checking  on  stoker 96 

determination  of  heat  balance  for 93,  94 

form  of  report 185,  187 

report  of  evaporative  test 91 

starting  and  stopping 96 

weighing  of  ash 96 

Boiler  tubes,  loss  from  grease  in 88 

loss  from  scale  in 88 

Boiler  water,  effect  of  condenser  leakage 147 

gravimetric  test  of 81 

introduction  of  chemicals 61 

Buda  chemical  pump 71 

Buda -motor-meter 71 

Buda  water  softening  system 61,  69 

Burette,  Squibbs  automatic 56 

C 

Calcium  carbonate,  solubility  of 75 

Calcium,  determination  of,  in  water 64 

Calcium  determination,  solution  of  KMnO4  for 65 

Calcium  oxide,  determination  of 83 

Calibration  of  indicator  springs 135 
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FAOB 

Calorimeters,  coal 20,  21 

lamp  resistance  for  ignition 29 

results  on  Parr  and  Mahler  instruments 22 

Calorimeter,  Thomas'  electric-steam 105 

Calorimeters,  steam 100,  129 

throttling 101 

orifice  of 102 

superheat  in 101 

separating 102 

flow  of  steam  in 103 

Capacity,  boiler,  definition 97 

Capacity  tests,  boiler,  data  for 90 

Carbon,  air  required  for  combustion  of 35 

Carbon  dioxide  in  water 53,  82,  83 

analysis  for Ill 

in  flue  gases,  significance  of 37 

reagents 112 

Carbon  dioxide,  removal  by  heat 75 

Carbon  monoxide  in  flue  gases,  significance  of 37 

analysis  for Ill 

reagents • 1 12 

Catch  basins 76 

Caustic  alkalinity 74 

Centigrade  and  Fahrenheit  scales 198 

Chemical  factors 205 

Chemicals,  direct  introduction  to  boiler  water 61 

Chemicals  for  Orsat  apparatus 112 

Chemicals,  function  of,  for  water  purification 64 

Chemicals,  tests  for  concentration  of 78 

Chlorides,  allowable  concentration  of 80 

Chlorides  of  lime  and  magnesium  in  water 55 

Chlorides  of  sodium,  solubility  of 55 

Chlorides  of  sodium  and  potassium  in  water 55 

Chlorine,  determination  of,  in  boiler  water 79,  83 

Circulation  indicators 51 

Circulation  of  water  in  a  boiler 51 

Circumferences  of  circles 197 

COj  recorders 115 

Precision-Simmance-Abady 115 

Scimatco. .  ,  118 
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COj  recorders,  Uehling 115 

COj  thermoscope 1 19 

Coal,  air  required  for'  complete  combustion 37 

anthracite,  composition  of 3 

U.  S.  Govt.  premiums  and  penalties  for  ash 7 

U.  S.  Govt.  standard  ash  content 6 

ash,  determination  of 17 

ash,  effect  of 1 

bituminous,  composition  of 3 

U.  S.  Govt.  premiums  and  penalties  for  ash 9 

U.  S.  Govt.  standard  ash  content 8,  10 

U.  S.  Govt.  standard  B.T.U.  content 8,  10 

combustible  matter  in 2 

composition  of 3 

composition  of  59  typical  samples 30 

crusher  and  pulverizer 14 

deductions  on  ash 5 

deductions  on  sulphur 5 

fixed  carbon  in,  determination  of 17 

nature  of , 2 

inert  matter  in 1 

moisture  in,  determination  of 16 

effect  of 1 

premiums  and  penalties 4 

preparation  of  samples  for  analysis 12 

proximate  analysis  of 1,  15,  30 

purchase  of 2 

qualifications  specified  in  contracts  for 3 

sample  collected  from  boiler  test 95 

sampler 13 

sampling  from  cars 11,  12 

sampling,  rams  for 11 

specifications,  for  Govt.  contracts 5,  9 

sulphur  in,  determination  of 18,  19 

total  carbon  vs.  fixed  carbon  in 2 

ultimate  analyses  of  bituminous 30 

volatile  matter,  determination  of 16 

nature  of 2 

weighing  for  boiler  test 95 

Cochrane  open  feed-water  heater 76 
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FAOB 

Cold  test  of  lubricating  oil 179 

Color  tubes  and  discs 59 

Combustion  of  coal,  air  required  for 36,  37,  190 

chemistry  of 34 

economy  of 34 

excess  air  supply  for 37 

flue  gases  from 37 

incomplete 36 

process  on  chain  grate 38 

products  of 34 

Combustion,  smokeless 120 

Combustion  tube 87 

Compounds,  boiler 78 

Concentration,  reduction  by  blowing  off 81 

Condensation  from  engine  tests 130 

Condensation,  measurement  by  direct  weighing, 152 

measurement  by  its  akalinity 153 

Condenser,  effect  on  turbine  economy 161 

function  of 145 

Condenser  efficiency 145 

Condenser  leakage 131,  147,  153 

Condensers,  tests  of 145,  146 

Conduction  of  heat  through  graphite  paint 50 

Corliss  engine,  valve  setting  on 138 

Corrosion  and  pitting 78 

Crucibles,  porcelain  vs.  platinum 16 

Crushers,  coal 15 

D 

Draft,  range  through  furnace 41 

Draft  gauge,  Ellison 49 

Draft  gauge,  Peabody 48 

E 

Eccentrics,  creeping  of 127 

Eddy  smoke  recorder 124 

Efficiency,  loss  due  to  boiler  scale 50 

Efficiency  of  boiler,  definition 97 

Efficiency  tests,  boiler,  data  for 90 

Efficiency  tests  of  turbines 151 
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PAQE 

Emergency  mechanism,  turbine 142 

Emulsification  tests  of  oils 180 

Energy,  available 163 

Energy,  distribution  in  a  turbine 162 

Energy  equivalents 195 

Engine,  moisture  in  exhaust  of 105,  130 

Engine  efficiency  tests 127 

condensation  from 130 

data  required 127 

instruments  for 129,  130 

preparation  for 127 

report  of 127 

tanks  for  condensation 132 

Engine  operating  tests 126 

Engler  viscosimeter 174 

Escha  method  for  sulphur  determination 18 

Escha  mixture 18 

Evaporation,  factor  of 99 

F 

Factor  of  evaporation 99 

Factors,  chemical 205 

Facts,  convenient  for  reference 200 

Fahrenheit  and  Centigrade  scales 198 

Feed-water  heaters,  water  softening  in 75 

Filters,  excelsior,  for  water  clarification ; 63 

Fire,  thickness  of,  on  chain  grate 38 

Fire  test  of  lubricating  oil 178 

Fixed  carbon  in  coal 17 

Flash  test  of  lubricating  oil 150,  178 

Flow  of  air  through  orifice 145 

Flow-meters,  steam 43,  106 

nozzle  plug  for 107 

steam  consumption  from 125,  154 

Fluctuations  in  boiler  horse-power,  curves 108,  109 

Flue  blowing  apparatus,  efficiency  of 50 

Flue  gas  analysis,  Hempel  apparatus 112 

Orsat  apparatus Ill,  113,  114 

Flue  gas  collector,  Hayes Ill 

Flue  gases,  heat  in 44 
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PAGE 

Flue  gases,  sampling  of 110 

variation  in  quality  of 110 

weight  of 44 

Fuel,  heating  value  of 208 

relation  to  furnace  economy 38 

vaporization  of  moisture  in 38 

Furnace  economy 38 

Furnace  heat  losses -. 44 

burning  of  hydrogen  in  coal 94 

flue  gases : 44,  94,  191 

radiation 46 

unburned  fuel 45,  93 

Furnace  operation,  investigation  of 40 

G 

Gauge,  draft,  Ellison 49 

Peabody 48 

Gauge,  pressure 129 

Generators,  temperature  rise  in 151 

Gland  water,  correction  for 153 

Governor  knife  edges,  wear  of 142 

Graphite  paint,  conduction  of  heat  through 50 

Grates,  chain,  speed  of 38 

H 

Hardness  in  water,  determination  of 55,  57 

removal  of 75 

value  of  a  degree  of 57 

Hayes  flue  gas  collector Ill 

Hayes  modified  Orsat  apparatus 114 

Heat,  conduction  through  graphite  paint 50 

effect  on  various  substances 194 

latent,  of  steam 98 

specific,  of  superheated  steam 98 

total,  of  saturated  steam 98 

of  superheated  steam 98 

transmission  in  a  boiler 46 

Heat  balance,  for  boiler  test 93,  94 

Heat  insulators  in  a  boiler 49,  50 

Heaters,  feed-water 76,  77,  78 
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Heaters,  water-softening  effect  in 75 

Heating  surfaces,  tests  for  efficiency  of 47 

Heating  value  of  coal,  determination  of 20 

Heating  value  of  fuels 208 

Hempel  gas  analysis  apparatus 112 

Hopkins  electric  speed  counter 137 

Hoppes  open  feed-water  heater 76 

Horse-power,  boiler,  method  of  figuring .- 100 

rated  boiler 97 

Hydrogen,  air  required  for  its  combustion 35 

Hydrometers 176 

I 

Ignition  arch,  function  of 38 

Ignition  of  coal,  moisture  necessary  for 38 

Incrustants  in  water 55 

Indicator,  circulation 51 

Indicator  diagrams,  arrangement  for  taking 126,  133 

steam  consumption  from 132 

Indicator,  methyl-orange 56,  200 

phenolphthalein 74,  200 

Indicator,  outside  spring 135 

Indicator  reducing  wheel 135 

Indicator  springs,  calibration  of '. 135 

Instruments,  value  of  recording 43 

Insulators,  heat,  in  a  boiler 49 

Iron  oxide,  determination  of 83 

K 

Kennicott  water  softening  system 61,  68 

Knife-edges,  turbine  governor 142 

Kottstorfer  saponification  test 168 

alcoholic  solution  KOH  for 167 

L 

Leakage,  condenser,  tests  for 131,  147,  153 

Lime,  charge  of,  for  water  treatment 65 

excessive  amounts 75 

insufficient  amounts 74 

Lime-barium  process,  Reisert 71 
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MM 

Lime-soda  process,  Reisert 72 

Losses  in  a  furnace,  burning  of  hydrogen 94 

heat  in  flue  gases 94,  191 

unburned  fuel 93 

Lubricants,  classification  of 164 

definition  of 164 

Lubricating  oil,  qualifications  of 167 

M 

Magnesium  hydrate  in  water 54 

oxide 83 

sulphate 54 

Mahler  coal  calorimeter 21 

Mercury  column 130 

Meters,  flow- 43,  106,  155 

accuracy  of 155,  156 

Methyl  orange  indicator,  preparation  of 56,  200 

Microscope  for  reading  thermometer 29 

Mixing  room,  chemical,  arrangement  of 63 

Moisture  in  coal,  determination  of 16 

necessary  for  successful  combustion 38 

vaporization  of 38 

Moisture  in  engine  exhaust 105,  130 

Moisture  in  steam,  below  atmospheric  pressure 104,  105 

by  separating  calorimeter 103 

by  throttling  calorimeter 100 

Moisture  in  turbine  exhaust 105 

Motor-meter,  Buda 71 

Moyer's  improved  Orsat  apparatus 113 

N 

Neutral  alkalinity 74 

Normal  solutions 191 

Nozzle-plug  for  flow-meters 107 

O 

Oil,  adulteration  of 171 

"bloom"  in 171 

cold  test 179 

compounded,  analysis  of 169 
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P\OK 

Oil,  emulsification  test 180 

fire  test 178 

flash  test 178 

free  acid  test 178 

identification  of  animal  fats  in 170 

lubricating,  character  of 182 

nature  of,  test  for 167 

paraffin  in 179 

qualifications  of  a  good 167 

quality  of,  for  turbines 149 

saponification  values  of 169 

soap  in 181 

specific  gravity  of 175 

specifications  for 182 

tar  in 181 

viscosity  of 172 

Oil  requirements  for  G.  E.  turbines 150 

Oil  temperatures,  turbine 149 

Oiling  system,  tests  of  turbine 148 

Organic  matter  in  boiler  water,  concentration  of 61 

determination  of 59,  82 

origin  of 81 

Orsat  apparatus Ill,  113,  114 

Hayes  modified 114 

method  of  manipulation 112 

Moyer's  improved 113 

pipette  for 113 

principle  of  operation Ill 

reagents  for 112 

Wright's  improved 114 

Oxide,  aluminum,  determination  of 83 

calcium 83 

iron 83 

magnesium 83 

sodium 83 

Oxygen,  analysis  for 112 

in  flue  gases,  significance  of 37 

reagents  for  analysis  of 112 

Ovens,  drying 13 

electrically  heated 15 
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P 

Paint,  graphite,  conduction  of  heat  through 60 

Paraffin,  determination  of,  in  oil 179 

Parr  coal  calorimeter 21 

accelerator  for 26 

cartridge 27 

chemical  combinations  in 21 

constants 26 

microscope  for  reading  thermometer 29 

operation  of 28 

sodium  peroxide  for 21 

temperature  corrections 26 

water  equivalent 25 

Peabody  draft  gauge 48 

Permanganate  method  for  determining  organic  matter 59 

Phenolphthalein  indicator 74,  200 

Photometer,  Parr  sulphur 19 

Pipette,  100-c.c 56 

Pipette  for  Moyer's  improved  Orsat 113 

Pitting  and  corrosion 78 

Planimeter,  Willis 137 

Potassium  chromate  for  chlorine  test 80 

Potassium  hydrate  for  saponification  test 167 

Potassium  permanganate  for  calcium  determination 65 

Power  generated,  measurement  of 126 

Pump,  chemical,  Buda 71 

Pumps,  vacuum,  tests  of 143 

Precision  CO2  recorder,  principle  of 115,  116 

Pressures,  bearing,  relation  to  lubricant 182 

Prime  movers,  tests  of 125 

Priming  of  boilers N 78 

Properties  of  saturated  steam 201-204 

Pyrometer,  Hoskins 48 

Pyrometer,  recording 42 

R 

Radicles,  combination  of 84 

Ram  for  coal  sampling 11 

Reactions  in  water  treatment 67,  68 

Reagents  for  Orsat  apparatus 112 
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Recorders,  COj 115-113 

Reducing  wheel,  indicator 135 

Redwood  viscosimeter 172 

Reisert  water-softening  systems 61,  72,  73 

Report  form  for  boiler  tests 185 

Resistance,  lamp,  for  calorimeter  ignition 29 

S 

Sampling  of  coal 11,  12 

of  flue  gases 110 

Sampling  tube  for  steam „>. 103 

Saponification 166 

Saponification  test,  Kottstorfer 168 

Saponification  values  of  oils 169 

Scale,  boiler 49,  84 

analysis  of 85,  86 

carbonate 54 

caustic  alkalies  in 86 

danger  from 50 

loss  in  efficiency  from 50 

sulphate 54 

water  of  hydration  in 87 

Scimatco  combustion  recorder 118 

Scott  viscosimeter 174 

Seals,  steam 154 

Separating  calorimeter 102 

flow  of  steam  in 103 

Settling  basins,  water  purification  in 63 

method  of  introducing  chemicals 63 

Silver  nitrate  solution  for  chlorine  test 79 

Slag  as  a  heat  insulator 50 

Silica,  determination  of 82 

Skimming  devices 81 

Smoke,  density  of 123 

Smoke  recorder,  Eddy 124 

Smokeless  combustion 120 

Soap,  detection  of,  in  oils 181 

Soda-ash,  allowable  amount  of 79 

determination  of  charge 66 

Soda  reagent,  preparation  of 57 
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Sodium  chloride,  determination  of 80 

Sodium  oxide,  determination  of 83 

Sodium  peroxide  for  Parr  calorimeter 21 

Solids  in  water 82 

Specific  gravity  of  oils 150,  175 

by  bottle  method 177 

by  hydrometer 176 

temperature  corrections  for 177 

relation  of  Baumc*  degrees  to 192 

Specific  viscosity 173 

Speed  counter,  Hopkins  electric 137 

portable  automatic 137 

Speed,  measurement  of  engine 138 

turbine 141 

Starting  and  stopping  a  boiler  test 96 

Steam,  alkalinity  of 153 

average  sample  of 103 

latent  heat  of,  definition 98 

saturated,  total  heat  of 98 

superheated,  specific  heat  of 98 

total  heat  of 98 

Steam  calorimeters 100,  105,  129 

Steam  consumptions,  from  flow-meter 125,  154 

adjustments  to  guarantee  conditions 160 

from  indicator  diagrams 125,  132 

with  jet  condensers 125 

turbine,  maker's  guarantee 159 

Steam  flow-meters 43,  108 

nozzle  plug  for 107 

Steam  tables 201-204 

Stilwell  open  feed-water  heater 77 

Stokers,  chain  grate,  speed  of 38 

Sulphate,  iron,  determination  of  charge 66 

calcium,  solubility  of 54 

concentration  of 80 

determination  of,  in  boiler  water 79 

soluble,  determination  of 82 

Sulphur,  air  required  for  its  combustion 36 

Sulphur  determinations 18 

Sulphur  trioxide,  determination  of 82 


222  INDEX 


Surface,  heating,  tests  for  efficiency  of 47 

Synchronizing  springs,  range  of  control 142 

T 

Tagliabue  viscosimeter 172 

Tanks,  calibrated 95,  132 

Tar,  detection  of,  in  oils 181 

Temperature  rise  in  generators 151 

Temperatures,  oil,  on  turbines 149 

Thermometers 129 

Thermoscope,  CO* 119 

Thomas  electric-steam  calorimeter 105 

Throttling  calorimeter 101 

formula 101 

orifice  of 102 

superheat  in 101 

Tubes,  boiler,  loss  from  grease  in 88 

burning  of 78 

loss  from  scale  in 88 

Turbidity  meter 58 

Turbidity  in  water 58 

Turbine  economy,  effect  of  condenser  on 161 

Turbine  emergency  mechanism 142 

Turbine  guaranteed  steam  consumptions 159 

Turbine,  moisture  in  exhaust  of 105 

Turbine  oil,  quality  of 149 

specifications  for 150 

Turbine  valve  cams,  wear  of 143 

Turbine  tests,  data  for 151,  157 

load  readings 157 

operating 141 

reports  of •. 157,  158 

speed 141 

Trioxide  of  sulphur,  determination  of 82 

Tri-sodium  phosphate  for  water  softening 76 

U 

UeWing  "waste  meter" 115 

principle  of 117 

U.  S.  Geological  Survey,  coal  analyses 30 
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U.  S.  Geological  Survey,  coal  specifications 5-10 

color  tubes  and  discs 59 

smokeless  combustion 120 

turbidity  meter 58 

V 

Vacuum,  available 146 

Vacuum  pumps,  tests  of 143 

Valve  cams,  turbine,  wearing  of 143 

Valve  setting  on  Corliss  engines 138 

Ventilating  system,  turbine,  tests  of 151 

Viscosimeters 173 

Viscosity  of  oil 150,  172 

Viscosity,  specific 173 

Volatile  matter  in  coal,  determination  of 16 

W 

Water,  between  32°  F.  and  212°  F 206,  207 

alkalinity  in 55 

boiler  feed-,  characteristics  of  good 53 

gravimetric  test  of 81 

carbon  dioxide  in 53 

chlorides  of  lime  and  magnesium  in 55 

of  sodium  and  potassium  in 55 

circulation  of,  in  a  boiler 51 

dissolved  impurities  in 53 

excelsior  filters  for  clarification  of 63 

hardness  in,  determination  of 57 

impurities  in,  removal  outside  boilers 63 

removal  in  settling  basins 61 ,  63 

impurities  in  suspension  in 58 

incrustants  hi « 55 

magnesium  hydrate  in 54 

magnesium  sulphate  in 54 

non-turbid,  treatment  of 69 

organic  matter  in,  determination  of 59 

concentration  of 61 

softened,  testing  purity  of 74 

tanks  for  weighing 95 

total  si.li.ls  in.  vJ 
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Water,  turbidity  in 58 

weighing  for  boiler  test 94 

Water  equivalent  of  Parr  calorimeter 25 

Water  of  hydration  in  boiler  scale 87 

Water  level  measurement 97 

Water  levels,  mean 110 

Water-softening  system,  Buda 61,  69,  70 

Kennicott 61,  68 

Reisert 61,  72,  73 

Water  treatment,  chemicals  required  for 64 

lime  charge  for,  determination  of 65 

sulphate  of  iron  charge  for 66 

soda-ash  charge  for 66 

Weight  of  liquids 199 

Weight  of  materials 199 

Willis  planimeter 137 

Wright's  improved  Orsat  apparatus 114 
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